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NOTES FROM THE EDITOR

-

Regular readers of ISE will notiée a change in the format. 1In these
dgys of increasing costs and stable or decreasing budgets, we have switched
fgoﬁ the smaller, perfect-bound format.to a less expensive one. There is
another, perhaps less-noticeable change—-an.increaéed ;umber of pages. When
we completed assembling copy for Volume 7, we still had 328 pages of typed
cbpy for use in producing Volume 8. To accommodate abstractofé who were eager
to see their work in print, we have increased the page count from 66 to 80.

Volume 8, Number 1 of Investigations in Science Education contains

analyses of articles Focused primarily on attitudes. Attitude research
continues to interest many science educators even if their work does not
result in findings at a Tevel or statistical significance. Articles in

this issue contain descripgions on attitude assessment (Moyer, Fraser) as
well as studies of the eifects of attitudes of students.on instruction
(Crawley add Shrum, Novick and Duvcvani, Kauchak, Moore and Robards, DeBruin,
Jaus, and Berger). ) .
‘ In the "Critiques and Responses" section of this issue the reader will

find two paired critiques and responses. “pne of these pairings relates to

4

an atgitude article; the other, to an article on the assessment of

, intellectual development. Also included in this section is the response
by Sunal to an artiglé critiqued in Volume 7, Number 1. We hope this
immediate pairing of analysis/critique and response will benefit those

science educators using ISE in college research classes.

. Patricia E. Blosser
Editor

Victor J. Mayer
Associate Editor

iii
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Moyer, Richard H. "Environmental Attitude. Assessment: Anotier Approach."
Science Education, 61(3): 347-356, 1977.
Descriptors--Affective Behaviory *Attitudes; Educational Research;
Elementary School Science; Elementary Secondary Education;
*Environmental Education; Science Education; *Secondary School
Science; *Tests; *Test Validity

Expanded abstract and analysis prepared especially for I.S.E. by Ronald D.
Simps¢n, North Carolina State University.

™

Purpose

This study was initiated to develop and standardize the Mayor Unobstrusive
Survey of Environmental Attitudes (MUSFA). The purpose of MUSEA is to
assess feelings of respondents that théy might not otherwise divulge. fhe
instrument utilizes projective techniqués designed to lead fespondenﬁs
into reacting toward three environmental themes: pollution, popylation,

and ecological relationships.

Rationale

The investigator writes that dozens of attitude instruments have been pub-
liehed during the last decade. Many of these instruments have purported

to measure attitudes of students toward various environmental issues. He

states further, however, that all of the instruments he has evaluated
have been straightforward questionnaires, usually utilizing Likert-type
formats. The problem withﬁquest%onnaires like these, he asserte, is
that they are an index of what responde;ts ar: willing to say concerning

their attitudes; and he cites work by Corey (1937) and Oppenheim (1966)
their attitudes really are may not be the same.

It was the investigator's attempt to develop and standardize projective
methods of attitude assessment that served as a basic rationale for this
study. 1Indeed, few studies of this kind have been conducted recently

that attempt to compare standard methods of attitude assessment with those

e

[
that he says confirms that what people say their attitudes are and what
|
|
\
\
|
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The MUSEA is comprised of three themes: Pollution, Population and

Ecological Relationships. Subsequently, there are three subscales:
Word Association Scale (WAS), Eree Choice Scale (FCS), and the Sentence
Completion Scale (SCS). The WAS and SCS subscéles contain three items
rélatiﬁg to-each of the three themes. The FCS includes nine items
relating to the environment in general. The following information

from Table II clarifies the distriﬁution~of/the 27 items in MUSEA:

Pollu- Popu- Ecologicdl
tion lation Relationships Total
Word Association Scale 3 3 3 9
Sentence Completion Scale 3 3 3 9
Free Choice Scale - - - 9

27

Word association is based on the a¥sumption that responding rapidly tog
stimuli will lead to individuals rewaling information about their feel-
ings that they otherwise may be unwilling to divulge. Also, it 1is

assumed that when subjects have time to ponder their responses that they

Word Association Scale used in this study is comprised of nine key words
that are read to students, Each student 1is asked to respond as promptly
as possible with the first three words that come to mind. In addition
to the nine key words, neutral words are randomly distributed to avqid

potentially developing mental sets.

may rationalize what a ''good" or "acceptable'" answer should be. The
The Sentence Completion Scale (SCS) is composed of nine sentence frag-

ments, three for each‘of the three themes of MUSEA (pollution, popula-

tion, and ecological relationships), The investigator states that the

fragments are worded in the third person so that respondents will not

feel as though they are being directly questioned. Oppenheim (1966)

is cited as a reference which suggests that more insightful responses

are elicited from subjects when this method is used. The assumptions
of the SCS are similar to those of the WAS; however, the structure of

sentence completion, according to the jinvestigator, may yield more



. :
. (rural or urban) and utilized 14 intact classes.

L OAETASAN e v A

of a more projective format. For this reason, the investigation being
‘analyzed here represents a new direction in attitude research—-a
direction that shquld prove.to be informative to many science and

environmental educators.

Y

>

-
The investigator posed five additional questions as he outlined the
objectives of this study; The following ques%ions were studied using
correlation and multiple regression ANOVA techniques (Kerlinger and

Elazer, 1954) ¢

(1) 1In order to determine if the scales of the MUSEA measure the
same attitudes, the following question was formulated: Is there a

difference in student scores bétween scales of the MUSEA?

(2) To assess any possible relationships between the three scales
of the MUSEA, polliation, population, and ecological relationships, the
following question was asked: Is there a difference in student scores
between themes of the MUSEA?

(3) To determine if the MUSEA can be used effectively with urban
and rural subjects, the following question was formulated: 1Is there a

significant difference iﬁ/sqores on the MUSEA for urban or rural students?

(4) To study the effectiveness of the MUSEA with subjects living in
a small, medium, or large size communities, the following question was
s
investigated: Is there a significant difference in scores on the MUSEA

for students from small, medium, or large communities?

(5) To assess whether the MUSEA can be used with males and with
females: Is there a significant difference in scores on the MUSEA

between male and female subjects?

Research Design and. Procedure

The sample for this study included 379 seventh grade students in Colorado.

The sample was stratified with respect’ to community size and setting
s

5
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information and be interpreted more easily since it "...cuts down the
multiplicity of associations evoked by a single word..." (Sacks and Levy,
1950). '

The Free Choice Scale (fcs) consists of nine topics related to the three
MUSEA themes, These ﬁine topics are randomly mixed with nine other
topics that do not relate to the environment, The 18 topics represent
simulated news stories and respondents are asked to selectr9 of the 18

for showing on a fictitious neys program (students are asked to play the

‘role of a weekly television news program editor), The frequency with

which the subjecg chooses the environmentslly-related topics becomes an

- #
index of attitude toward environment,

Each item of the WAS and SCS is judged as positive (+), neutral (0), or
negative (-). In the FCS, each environmental issue chosen is scored as
positive (+). One.point 'is assigned a positive response and one point

subtrgcted for a negative response. Therefore,-the total possible score

for each subscale is 9 and for the MUSEA the maximum score possible 1s 27,

The investigator reports techniques used té<kstimate validity and relia-

"bility. Also, portions of the MUSEA were checked for readability using

the Fry Readability Formula. =

Descriptive data were compiled for each stratum in.the samPIe, for each
theme and svbscale, and for total MUSEA écores. Multiple regression
analyses were used in an attempt to answer the research questions posed
and to standardize the MUSEA. '

Findings ) e

The mean score for the total sample on the MUSEA was found to te 10,21
(range possible was -18 to + 27) with a standard deviation of 4.66. The

following table was used by the investigator to'present rmative data,

‘ . \




Norming Data for MUSEA

Standard

Scale : Mean Deviation
WAS ~ pollution ' 0.01 - 1,07
WAS - population ¢ 0.02 1.48
WAS - ecological relationships 0.70 0.77
WAS - total 2.53 1.86
. FCS ~ total, ' 4,84 1.82
SCS —~ pollution 0.82 1,57
SCS -~ population 1.10 1.20
SCS -~ ecological relationships 0.95 1,47
SCS - total 2,85 7 3,03
MUSEA - total 10,21 - 4,66

- - N = 379

Low correlations were found between similar themes on different scales.
? . . *

These are shown on this page below, as they were presented by the

investigator. A conclusion made in this study was that the low corre~

. lations were evidence of an "index of the unobtrusiveness" of the MUSEA. \\
%

- . MUSEA Subscale Correlation Matrix

Word Free Sentence
Association ‘Choice Completion
' _ . Scale Total Scale Scale Total
‘ Word association scale - total 1.00 e -
. Free choice scale - total - 0.23 4§1:oo -
‘ Sentence completion scale - total 0.21 0.17 1.00
Significant at the 0.01 N = 379 "

leyel of confidence

Product moment correlations were calculated for each theme between scales

of the MUSEA and are shown on the following page. ’




MUSEA Theme Correlation Matrix

—

SCSs SCs 5Cs
Pollu-~ Popu- Ecological sCs FCS WAS
tion lation Befationsbigs Total Total Total
WAS-pollution 0.37
WAS—-population 0.72
WAS—~ecological . ’
relationships - 0,15
MUSEA-total 0.38 0,44 . 0.45~ 0.80 0.60 0.62

Significant at the 0.01 level of confidence.

/

Multiple regression analysis indicated no significant difference between

scores on the MUSEA from small, medium, or large communities. Likewise,
-

no significant difference was found between scores on the MUSEA for male,

and £emale subjects.

Interpretations

The following conclusions were drawn by the investigator arid were pre-

sented under the discussion section of his paper.'

1. An unobtrusive environmental attitude instrument with acceptable”

reliability and construct val&dity was developed. //;'
‘/"”/ .
2. This instrument was '"successful in its unobtrusivenesq/to the extent
that, in the opinion of teachers, a majority of the 379 subjects
were indeed unaware of what type of test they were taking or of its
intent."” The author of this paper, however, remarks thazt to conceal
the identity of the nature of the questioné and to allow a wide
range of responsés, questions in the MUSEA were structured to be
nondirective. He concludes that by minimizing the directiveness
of the questions the ability of the instrument to assess themes was
reduced. Consequqntly, this instrument assesses overall environ-

mental attitude rather than specific attitudes as originally intended

by thé researcher.

12
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3.. Some individuals were moré willing or able to express their atti-

tude on one scale than another. In some -cases §tudents defined
. the stimulus words instead of responding to them with feelings or
‘ eﬁotion. The researcher recommends that all three scales of the

MUSEA be used in éssessing a subject's attitude.

4. The Word Association Scale was found to be the most unobtrusive
~subscale in this instrument, While this subscale was the most
open, it was also the most difficult to score. Many responses
had to be scored as neutral.

5. The Free Cholce Scale appeared to assess attitudes consistent with
the eﬁtifé MUSEA. The advantages of the FCS are its ease of admin-
istration and scoring, "While the FCS does allow considerable
freedom, it offers more direction and is easier to interpret than

the SCS and WAS.

i

- <

6. The Sentence Completidn Scale was easier to score thar the wgs
- (it allows less divergent respénses than the WAS) but the disad-
' vantage is that an astute subject is more, likely to see through
the guise of the SCS than the other scales, thus revealing the
nature of the MUSEA.

~

ABSTRACTOR'S ANALYSIS
)

Attitude measurement can occur within several dimensions. Assessments

can be made of subjecté' perceptions or of specific behaviors they

display. For example, a person ﬁight state "I hate smoking. It is a

nasty habit and it turns me off." Or he might respond to the topic by
" saying "Sﬁoking is for relaxing. I love to be around somecne who

smokes a pipe.“ These are ex;mples of two possible perceptions one
might have toward smoking and each could be expressed verbally or by
paper and pencil méans., On the other hand, a person's attitude toward

smdking ¢ould be assessed by watching his behavior in a situation where

<t

13




someone offers him something to smoke. His/her behavior in this

setting might indicate how he/she feels toward the act of smoking.

Stimuli which elicit feelings or emotions may be either artificial or
natural. Events can be structured in which questions are asked or
statements are made in order to produce specific responses. A person,
for exaﬁple, can be interviewed or asked to respond to a questionnaire
> in which case the formap is artificial or obtrusiQe. Altern%tijely, a
person's behavior can be recorded in a more natural or unstructured
setting, in which case the stimuli become le;s obtrusive (that is to
say, the respondent is less aware or perhaps unaware altogether that
specific attitudes are being assessed).
The following diagram depicts the two dimensions described above. From
this matrix it .can be seen that at:itudes are expressed as multidimen-~
sional, and that diffé;e&%‘measures are needed in order to record the

various responses,

Indicators of Feeling

Perceptual Behavioral -
Setting A B
Artificial (Attitude questionnaire Role-playing activity
(gbtru:ise) assessing feelings toward désigned tn probe feelings|’
smoking) , toward smoking)
Natural C D ’ ,
(Listening to student
N 7 (Watching students in groups
(unobtrusive; czmments afte; ciiss away from school where
that sugges , celings cigarettes are zvailable)
toward smoking) )

The following scheme represents a few thoughts I have developed recently
on the multidimensional nature of attitudes and how these feelings may

be potentially assessed. The researcher in this study has developed and
shared with readers new techniques for measuring environmental attitudes,

He has demonstrated how three methods (word association, sentence comple-

*

~
tion and a free choice scale) can be used to increase the '"naturalness"

(]
"
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or "unobtrusiveness" of the format (setting) employed in which attitudes
can be measured, The Moyer Unobtrusive Survey of Environmental Atti-
tudeé repreéents methodologieé.that can be used to measure attitudes in
science education in ways different from most of the common paper and
pencil, self-report techniques currently being used today., In-this
regard; the investigator ha; led the way into a potentially fresh, new
jdirection of attitude research in our field, The degree to which
obtrusiveness vs. unobtrusiveness influences the validity of student
responses during attitude assessment is a research question of the high~
egt order. This study exposes the ques:;on and should serve as a

catalyst for further investigation..

This study is well~written and is easy to follow. The statistical
methods used to aralvze the data appear appropriate and are clearly
communicatad to the reager. Prior work with the assessmént techniques
used are referenced and implications are discussed. The major weak-
ness in the writeup of this study is that the author does not‘;nclude
examples of items contained in the MUSEA. I found it difficult to
evaluate the techniques that were being forwarded without having accesé
to any of the items-aor at least examples of the items. The construc~
tion of items for an attitude instrument is a difficult task, one that
requires experience or at ie?st consideraBle'ﬁelp from expérts. In

Edward's Techniques of Attitude Scale Construction (1957), for example,

several conditions tha- should be met are delineated, Readers of this
investigation have not been exposed to the processes’used for item
construction and selectioa, nor have they been given an opportunity

to glimpse-the content of the items.
One additional concern I have involves a set of questions that Ean, of
course, 5e asked of any study--that of validity. While construct
validity is claimed by the investigator, questions of content, con-
current and predictive validity are not mentioned and remain unresolved.
Since thgse are seldom established in a single study, it is important gor
researchers in this area to expose these unresolved parameters and to

suggest further studies that will help 2liminate these deficiencies. I
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would recommend further work with the MUSEA before suggesting its use
with various populaticns,

» ,
AstI previously stated, this study represents a potentially fresh, new
direction in attitude assessment: By comparing how students respond to

different attitude instruments, we shall be able to urilock many of the

Kseérets that baffle those of us who are interested in this area of

regsearch. This study represents an excellent attempt to learn more
about how student perceptions may be.influénced vis~a-vis different
measurement techniques and settings, Though more work 'needs to be
‘pone perfecting the techniques forwarded in the MUéEA, this study adds
another important link to the ever-growing field of attitude research

.in science education. § i . .
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Crawley, Frank E. and John W. Shrum. "Effects of Learning Structure

Condition on Change in Preference for Science Courses." Journal

of Research in Science Teaching, 14(3): 257-262, Hay 1977.
Descriptors-—-Biological Sciences; *College Science; *Educa-
tional Research; Higher Education} *Instruction; Physical-
Sciences; *Science Courses; Science Education; *Student
Attitudes; *Student Motivation

Expanded .abstract and analysis prepared especially for I.S.E. by
Richard M. Schlenker, Maine Maritime Academy.

Purpose . '

2

The purpose of this inveétigation was ginglefold. Crawley and Shrum
strove to ascértain~§hether there was a significant difference between
"students' attitudes toward the area of science studied when the learn-
ing environment provided was compatible with the perceived preferred
learning environment and when the environment provided was incompatible
with the dperceived preferred environment, In this regard the authors
hypothesized the difference not to be significant in each of four

introductory science areas: biology,  chemistry, geology and ohysics.

Ratiorale

e’
Recent investigations have suggested a relationship between instruc-
tional environment and attitude toward the subject being studied.
Student attitudes toward a'particular discipline seemed most positive
when the instructional miifeu matched perceived preferred learning
énvironments and/or life style orientation., Environments not matching

students'® preferences were incongruous with positive attitudes.

. Once either positive or negative course attitudes had been developed

future confrontations with'the&specific subject tended to 'elicit

relatédd overt actions. When confronted with having to enroll in one

\science course or another, students demonstrate strong preferences

for those areas having formerly stimulated a positive orientation.

13
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-A specific model was not applied, However, the inference is made that 4:,’

. - - o N +

”

Conversely, students possessing the latter attitnde would not be
expected to show preference for courses they perceixed requiring ﬁhem

to learn in ways inconsistent with perceived preferred stylea. LJ*-;

the findings reported in the literature are applicable conceﬁtually

across a broad range of subject aréas, ;

Research Design and Procedures

science course they studied. Additionally, pre~posttest administra-

One hundred fifty-three students enrolled in introductory courses in *
biology (56), chemistry (26), geology (48), and physics (23) at the

University of Georgia were administered the Structural Compatibility

Inventory (SCI) just prior to the final examination and the Subject

Preference Scale (SPS) at the beginning of the course and just prior

to the final examination during the spring quarter of 1975, g;I‘he SCI

measured the extent to which students were learning in preferred ways

while the SPS indicated the degree of preference students had for the
tion of the SPS provided subject preference gain scores.

Two course types were used in each science area; (1) a course estab-
lished for elementary education majors; (2) a regular introductory

course available to students having varying degreze and career interests.

+

Accordingly, the SCI and SPS were adwministered to students enrolled in

eight separate science courses. N

Students were lumped.into biology, chemistry, geology and physics
categories based upon course enrollment and subsequently segregated
Into eight subject matter specific compatible and incompatible sub-
groups based upon the SCI results. An independent groupe two~tailed
t~-test was then used to compare mean gain scores (derived from SPS

pre~posttest results) between subgroups in each subject area,

14 .
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Findings . 4

The originai hypothesis was rejected for the physics subject area,
There was a significént difference (p<0.0l1) in gain scores between
students in preferred and non-preferred learning environments; the
preferred learning environment s;bgroup'showed the largest mean gain
gcore, Subject matter preference gain scores did not differ cignifi-
cantly between su%groups in the biology, geology and chemistry areas.

Interpretations ‘

The following conclusions were drawn based upon the results of the

study:

1. The evidence at hand supports the contention that positive
attitudss toward science content are associated with those
who learn in preferred ways.

e

2, The cognitive dissonance theory as a possible rationale for
science course preference (it would be inconsistent for
students tu demonstrate strong preferences for courses in
which they were expected to learn in ways not preferred) ié

supnorted.

%3, Different learning environments shbuld be provided between
different sections of science courses offered at the intro~
ductory level., Where enrollments at the introductory level
are small, instructors should provide a variety of learning

environs within the same course.

ABSTRACTOR'S ANALYSIS

During the past few years there has been increasing interest in

"affective parameters of education (Renner, et al., 1978). According

to Renner,, et al. (1978) those affective parameters continuing to

15
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influence educational research are attitudes, beliefs, self-concepts,
values, and interests, The study discussed herein fs a small but

important segment of the affective domain's attitude subconstellation,

jAttempts to provide a multiplicity of learning environments in a single
educational se:ting or to accommodate the several learning styles
existent within a single heterogeneous group of studentshave long been
a goal of educators. In the early 70's and before, the primary interest
was in evaluating envirénments thought to b% the best facilitators of
iearning gain across wide varieties of backgrounds, levels of reasouihg
ability and the like (Postlethwait et al,, 1977), .HoweVer, research
concerning attitudes toward subjed% maﬁter as a function of learning
environment was se%dom broached. Yet, one of science education's

primary gohls in recent years has been to foster positive student

. K}

. J t -

attitudes toward science!

’ %
This study's uniqueness stems from the subtle underlying assumptions !

of its authors. First, students leaving introductory science courses
with positive attitudes toward hhe course will be likely to delve more
deeply in that science area at some future date whereas the opposite
might be expected of those departing with negative attitudes. While -
this contention was not evaluated in the study, it was shown that
mptchiﬂg actual and perceived preferred learning environments did
\ positively affect. students' attitudes about physics, The logical
~hypothesis therefore is students (from this stude) who were in a per-~
cei&Eﬁr;:;;Eiggd learning environment might be likely to take addi~
tional physics courses when the opportunity udveiled itself.

SeQeral cogtempérary étudies have dealt with preservice and inservice
teacher attitudes toward teaching methodologies as well as science
itself (Jaus, 1978; Gabel and Rubba, 1979; Piper and Hough, 1979;
Bratt and DeVitro, 1978; Lazarowitz, Barufaldi and Huntsberger,1978);
Since Crawley and Shrum included science courses intended for eleméﬁ-
tary eduEafion majors, their studf adds another dimension to the work

already .accomplished, ' The implicit suggestion that positive attitudes

-

on the part of preservice elementary teachers about science produces

”

i/
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teachers interested in teaching .science is that added dimension,
@hréher, teachers of this nature probably’ realize the value of making

available a variety of learning environments for any given class of

students.

Finally, this research suggests the avenue to education of a scier-
tifically literate society, Positive attitudes on the part of today's
students regardlesé of'their career goals may lead tomorrow to a
society willing and able to évaluate scientific issues from a position

of understanding.

Joc thesé reasons Crawléy's and Shrum's research is one of the most
important of the present attitude research matrix,

The degree fesearch results are generalizable depends upgn the number
of variables controlied while the work is conducted, When a control
group is not used the‘way is open to argue that a study's results might
have been different if one were used, even though they might not have
been. The same argument exists concerning the use of random sampling
techniques pver the lack of using such techniques, The willingness of
others to appi& research results may depend upon the av unt these and
other variables are controlled, In short, the tighter the controls,
this study notwithstanding, the greater the contribution‘to the field

of endeavor.

Geheralizébility also depends upon the use of a sufficiently large
sampie.and proper description of the sample. Fallure to control these
parameters.often leads to only one couctusion, The results of the
study are applicable only to the sample uséd in the study, While this
study has‘opened a significant line of science ediucation research, the

application cof its results should be used with caution until the ques~

"tions of sample size and description are resolved,

There are several possible approaches to additional research in this

area.
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techniques,

The study stculd be duplicated controlling for the science
backgro.ad of the subjects prior to the study,

*§tudies of this type should be conducted :sing random sampling

Studies should be conducted to include all scienze diSCiplines.

Studies of the same type should be conducted at other post-

secondary institutions,

Longitudinal studies should be designed to follow students

Thesé studies éﬁould:

~

-

-they complete their study at the introductory science level,

ace

A. Look at what students who exhibit positive attitude gains

at the { troductory levels duv when given the opportunity

to study again in the area which produced positive atti~

tude gains,

B, Look at effects of positive attitude gains toward science

resulting from studying in perceivev preferred learning

environments upon teachirg styles of inservice teachers.

The attitudes of students having these teachers also

should be examined.
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Fraser, Barry J, "Selection and Validation of Attitude Scales for
Curriculum Evaluation." Science Education, 61(3): 317~329, 1977.
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Expanded abstract and analysis prepared especially for I,S.E. by
John E, Penick, University of Iowa,

&
Purpose

This article describes criteria to aid educational evaluators in the
selection, modification; and validation of scales for curriculum eval- -
uation. In illustrating these processes the author prqvides a rather

full description of five attitude scales which he sees as potentially

useful but not well-known. Z

Rationale

Working primarily with scales in the affective‘domain, the author . . -
expréssed a great deal of concern for the proliferation of new scales. ' .
He felt that evaluators should judiciously select scales on set cri-

teria rather than develop new instrumentation,-

In selecting a battery of scales for curriculum evaluation, causidera-i
tion should be made of: educational importance, multidimensional&ty,

and economy, Educational importance (Cronbach, 1971) "demcnds that

each aim measured in a battery of scales be individually educationally
worthwhile and that, also, the battery as a whole neglect no relevant

aim of major technical import." Economy is a measure of length, with a
lengthy scales being generally considered inappropriate if a battery ‘

of scales is being contemplated, ]

Research Design and Procedure

A review of the iiterature in science education led to the identifica~
%
‘ tion of 117 articles which stated 1,547 aims considered desirable for
20 -
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science education., Two hurdred and seventy-six of these aims were
attitudinal, Each was classified according to Klopfer's (1971)
categories, Categories one through five were seen as being of seff1~
cient educationmal importance to include in the contemplated battery

items measuring aims in each of these categories, - '

Table 1 »

Five Affective Aim Categories in Klopfer's Classification, and
. Percentage of Affective Aims Stated®™n the Literacure Falling
into Each Category

-

Percentage of
. Category Title Stated Aims
H.1 Manifestation of favourable attitudes 16
c toward. #igience and scientists
H.Z Acceptance of scientific inquiry as a 12
* way of thought ] .
H.3 ° Adoption of "acientific attitudes" 32
H.4 Enjoyment of science learning experiences 17
H.5 Development of #nterests in science and 18

gcience-related activities

. “ H.6 , Development of interest in pursuing a . 5
career ir science

~

Category six was eonsidered to be ef sech lesser importance as to not
be critical for the battetye From this, it was determined that th%
~three criteria of educational importance, multidimensionality, and
. economy would be best met using five relatively short attitude scales,

with each scale measuring one of Klopfer's aim categories.

Five,attitede scales were Shosen to adequately coVer the various
dimensions, consider each of the five aims, and be of short length.

All five of .the scales were developed in Australia or England and

showed varying reliabilities on‘different formulations ranging from
0.53 to 0.90. %,

B




The first scale in-TPable 2 is a modified version of a scale.developed
by Ormerod (1971) to measure attitudes toward the social implications
of sclence, an especially important aspect of the valuation of the
contemporary science curricila, }

) Table 2

Five Attitude Scales, Together With the Klopfer Category of,
the Number of Items in, and Reliability of Each Scale

A

Cronbach  Reliability

. . Cross-
- Klopfer No. of  Validation Validation
Attitude Scale Category Items (N = 165) (N=1,158)
Social implications of .
science H.1 8 0,81 0.77
Attitude toward inquiry - H,2 8 0.67 0.72
Adoption of scientific i )
attitudes -H.3 11 - 0,63 -0.50
Enjoyment of science
lessons H,4 7 0.85 0.81.
Interest in science

outside lessons H.5 6 0.80 0,79

-

The second scale in Table 2, based on # sub-scale of Meyer's (1969) "A
Test of Interests,”" is one of the few existing instruments designed to

-

measure Klbpfer's category H.2,

The fhipd scale of Table " is a modified version of TOPOSS (Test nf
Perception of Scientists and Self), developed by White and MacKay (1976)
and measuring pupils’ gdoption of attitudes like curiosity, suspended
judgment, -etc. The last two scales of Table 2, measuring enjoyment of
science’ lessons and interests in science outside lessons, reséectively,
were adapted from scales developed by the Schools Council Project for
Evaluation of Science Teaching Methods (1973) from originai scales
developed by Laughton and Wilkinson (1965} .

Each original item in the five scales was checked for face validity and

the presence of ambiguities by a- panel of people with expertise in .

22
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measurément and science education, Reading levels were considered,and
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some items were rewritten or deleted,

~
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After modification, the battery of scales was acdministered to an

Australian seventh grade sample, These 165 students in six schools ,

TPABT h e nih iy D PRaT £A%
P 5w

érovided data for statistical indices for identifying faulty items and

deshribing the validity of the refined scales after removal of faulty :

i&ems. Cross-validation of the scales involved giving the battery to . -

1,158 seventh grade:pupils in 46 high schools in Australia, Internal
" consistency was meadsured with a positive item~remainder correlation
+ significantly different from zero at the ,05 level, Each item fai)ing
. this criterion of internal consistency was removed, Cronbach Alpha
. 5 teliability\coefficiehts of internal consistency ranged from 0,63 to
0.85 with a median of 0,80 Zor gée validation study and from 0,50 to
0,81 with a median of 0,77 for the cross—validation study,

- ) )’ .

Discriminate validity, an indication that each scale measu;es a unique

construct not measured by the other séales, was also tested for by

sidered acceptable if- they were less than the geometric mean of

S

|
|
|
|
intercorrelation between scales. Scale intercorrelations were con- -I

_corresponding scale,;eliggilities. )
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Sensitivity, an index of the test's ability'to detect pupil changes éf s
Ghe order of mégnitudg which actually occur was determined adequate 1if

. pupil scores covered a large rangé of the available score range,
The present batgery of attitude scales possessed such a range and 2

was therefore considered to possess satisfactory sensitivity.

Since the gltimate usefulness of any scale is determined by correlations
existing between those scales and other variables deemed important,
these scales were correlated with four other var%ables: an instruc-
tional treatment &ariable, socio~economic status, I.Q. and sex. The
‘instructional variable in tested classrooms was either use of Australian
‘Science Education Project (ASEP) materials or alternative materials
having been used in science classes in the eight months prior to admin-~
istration bf tke scales. Socio-e;onomic status was determined with

Congalton's occupational classification and I.Q. was measured with a
23
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version of the Otis test, Statistical analysis was performed of 343 i
sub~groups of individuals rather than the 1,158 pupils in the whole
sample, '

Figgings

S

’ ?dbils who had used ASEP matexials were found to express more favorable

attitudes toward science than pupils who had used non~ASEP materials on
both the social implications of science scale and the enjoyment of
science lessonsg scale. High socio~economié statns pupils were also
found to have more favorable attitudes than did loder SES pupils on
the.social implications of science scale and the adoptién of scdentific
attitude scale. l.Q. was significantly positively related.to poorer

performance,on attitude toward inquiry and adoption of scientific

attitude scales, a finding consistent with  prior results, On .three

attitude scales, adoption of scientific attitudes, enjoyment of science
leseons. and interest in science outside lessons, boys tended to ,
exhibit more favorable attitudes toward science than did - girls. This
finding was also consistent with prior evidence. No®significant-.corre~
lation was fennd between sex and attitude toward the social implica-~

tions of science.

Interpretations

This paper Was designed to provide criteria to guide the selection,
modification, and validation of scales for curriculum evaluation and
‘to-1llustrate the application of these specific criteria to a selected
battery.of five attitude scales. Through this procedure, the author
hoped to make.these five English and Australian attitude scales better
known while precisely illustrating'the-pbints he wished to make in the
paper. After identifying the important characteristics of attitude
scales, the author proceeded to demonstrate how specific scales could
be sho;n to meet the various criteria. 1In doing so, several modifica-

tions were made to the original scales. These revised scales were
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then tested for internal cénsistency, discriminate validity, “and sensi-
tivity during both a validation study and & cross-validation study,

I; addition, correlations between scores on each scale‘and an instruc-
" tional variable, socio-economic status, general ability, and sex, were

calculated, =

AESTRACTOR'S . ANALYSIS

[

A large percentage of recent'pubiications include some meagure or report-
ing of attitudes. In many instances, the author develops a new attitude
measure because existing measures are not considered adequately sensitive
to the interests of that reseprcher, selects a panel of experts to pro-
Vvide validity of the instrumént, and proceeds’£o administer the
instrument'to the selécted sample populati&%. Aside from the obvious
difficulty of ébmpletelf developing” a new, valid, reliable, and sensi-
tive attitude scale, the ever expanding posl of attitude scales is
beginning to make generalizations and comparisons between studies
virtually impossible, Fraser's suggestion that-they could more profit-
ably be concerned with the judicious selection of existing»scales,
modification of chosen scales to enhance suitabilitynfor use in a
particular study and the validation of modified scales, is quite
accurate. .

Fraser's concept and technique of selecting and evaluating attitude

scales for use in science education is quite useful and‘workable. He

clearly demonstrates that the'quality of a scale 1is directly related

to the criteria“used in selecting that ééaie. Further, he has a clear

idea of the various criteria which are critical to scale selection,

use, aﬂd development,

' The three criteria (educat#onal importance, multidimensionality, and
economy) recommevded‘forzzse'in an initial selection of 'an attitude
instrument were defended. After selecting scales to fit each of
Klopfer's categories deemed important by the education aims survey,

freser proceeded to determine the standard statistical criteria of

L4
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internal consistency, discriminate validity, and sensitivity, for all

five modified scalese.

In this article, F:aéer provides more than a clear, concise rationale
and technique for selecting, developing, aqg/;yaiﬁifing attitude scales

in science educatior. He has also clearly demonstrated the application

"of this technique while providing data on five previously unknown scales

wvhich magmultimately prove useful in science education reséarch.
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Expanded abstract and analysis prepared especially for I.S.E. by
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Purpose

4

»

The authors' purposeAis to investigate and further the understand-
ing of general scientific attitudé among students in high schools of
Israel. Attitude was studied as a function of type of school, academic
specialization,.and curricul%m, as well as sex, achievement level, and

cultural background of students,

~

Rationale

The rationale given for conddcting this descriptive study wias
loosely based upon an inferred relationship between attitude and "edu-
cational frameworks," différentiated science achiévement, and new
sclence as curricula adapted to Israel. Conflicting éésearch was cited
to support this fationale. No coherent or recognizedotheory or model
of attitude &,rmation was explicated, The major impligation appeared
to be that expgosure to science at the high school‘level will directly

_impact the develoément of scientific attitude.

PS €

Research Design and Procedures

The design involved random selection of strata of 25 high schools
(684 tenth-grade Ss). It was basically a one-group, posttest-only
design and provided a different analysis of the data collected and
reported in Novick and Duvdvani (1976).
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Data were collected from school records and the Scientific Atti-
tude Inventory (SAI). This instrument was designed to assess -
intellectual and emotional components of scientific attitude. Although
the design lends itself to data analysis via ANOVA, -and "significant
main and interaction effects" were noted, no indication was given that

any statistical tests were performed.

Findings

-
o?

The finQinés are complex as various combinations of the six strati-
fying variabies were mixed in an incompletely crossed design. For
example, the first set of results reported on school type as the major
variable with_sex and cgltural background as "secondary variables, "

The effect was assessed on both ‘emotional and intellectual attitude.
Sex had no effect on attitude but school type and culture did. An
interaction between sex and school type was reported_relative to intel-

lectual attitude. - .

Interpretations

The authors concluoéﬁthat five of the six vdriables affect
studeilt attitudes. Further, (1) rzligious schools do not .change
science's image, (2) asricultural students are less positive emotionally
toward science, (3) students of Western extraction hold more positive
attitude than those of Eastern extraction, (4) future science majors
and high achievers are more positive, and (5) exposure to new curricula

does not improve science attitudes.

. ABSTRACTIOR'S ANALYSES
b-.,) ':j -
The results and conclusion must be tempered with certa2in methodo-

* logical and coné%gtual considerations.

&
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.ghch differences have been elusive to validate in these curricular

Internal Valtdity. The SAIL yields a total score which appears to

bé relatively sound with substantial reliability and a reasonable
construct vali?ity. However, although the_authors of the instrument
used the'two separate subscales’'to assess emotional and intellectual ~
attitude toward science, no evidence is presented that tneseuconstructs
indeed exist or that the items that measure them:haGe”eentent validity.
No reliability estimates of.. the t&b‘sc;les were presented or referenced
anywhere. This problem places severe limitations on the conclusions.
Other limitations relative to the SAT dre noted by Szabo (1979).

A further limitation is that thc reliability and validity data
were obtained prior to the translation into Hebrew. The introduction
of cultural biases antl failure to reestablish reliability and validity

in the new setting is seen by the revicwer as a severe limitation.

Many rulés’of scientific netorting are broken in‘this report.
Although significant main and interaction effects are reported, there
is nQ description of the statistical tests and less than minimal daca
appear. Only selected means and no standard deviations are presented.
for example, there is no way for the reviewer to check the statement
that boys assume more positive emotional attitude (X =61.9) than girls
(x = 60.3). Without 8tandard deniations and sample sizes, the signifi-

cance of a mean difference of 1.6 cannot be checked,

. If the sampling unit was either the school or the intact class-
rooms, the appropriate statistic to use would be school or class mean,
rathg} than individual students' scores. Such unit sampling requires
different compufations than for ir 4viﬂna]s as the sampling unit (Walker

and Lev, 1959,. This remains an unknown ‘quantity in this study.

The method of subdivision of the sample has'questionable relia-
bility. Achievement level‘was defined as percentage (not an equal
interval scale measure) of final grade (aotoriously unreliable
measures), Classification as to science curriculum assumes clear

distinction between the newer sciences and the "traditional' sciences.

categories in the United States.
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The authors® implications are not supported by the data analysis
and should not be assqsiated with this reseatrch study For axample,

_the implication that inpellectual attitude needs "explicit educational

attention" is simply noq\supporteq by these data. That intellectual
attitude 1is even measure& by SAIL is open to debate. The second impli-
cation calls for more relé&ant (to students' interests) science teach-
ing for humanities majors. Since humanitiés majors were not
specifically add;essed in this study, “he reviewer questions what

authority supports this conclusion. . .

An Alternative Plan. MHow could a study be designed to yield
e ningfui results that would contribute to our knowledge of attitude
Eiﬁstrucgs and their interplay with the educational framework? The ‘
reviewer would like to make several suggestions. ‘

First, an‘anzlysis of various theories or models éf attitude
formation must be conducted. A great deal is known, for example,
about the persuasive communication (Shrigley, 1978) and the cognitive
dissonance (Féstinger, 1957) models of attitude. The former is used
in science teaching (often unknowingly) and' has been abséracted to

science teaching by Shrigley.

. Next, the structure of the educational framework must be dissected
to determine the extent to which it contains components in sympathy
with the components of the model of attitude used. For example, the
communication persuasion model clearly shows that the credible source
communicator should present both sides of an issue to intelligent
audiences to foster attitude change (Aronson, 1976). The unit of PSSC
physics which deals with the model of light does a credible job in
presenting the particle and wave models, as well as leading the student

to formulate his/her own conclusions.

The result should be.the emergence of a logical rationale which _

suggests why or why not an educational framework can be oxpected to

contribute to attitude formation.




.Third, individual variables that are related to attitude scores
must be reliaﬁle, and validity controlled or measured in the analysis.
For example, females seem to be more susceptible to persuasive commun-
ication relative to attitude change than are males (Cohen, 1964), And
the relationship between academic ability and attitude (in a correla-
tion rather than a ;ausative sense) 1s well established.

Fourth, attitude instruments should be designed whicl can be
related to the components of the model, the educational frameworl, and
individual learner differences. The v:%idity of the instrument must be
established relative to both the constructs and the content. Then and
only then can we be hopeful of meaningful results which are amenable

-

to interpretation.

The above plan cannot be compiéted as a doctoral dissertation.
It will take a long-term effort by an individual or concentrated efforts
by a deé}cated team, The result should He, however, a deeper under-
standing of science attitude formation and a knowledge uf how to build
educational structures tc foster scientific attitude without inducing
unwaated side effects (e.g., severe decrements in k?owledge anq process

acquisition. ’ .

L
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Kauchak, D. P, "The Effects of Es‘s%y Writing on the.Attitudes of
Undergraduate Science Methods Students."- Journal of Research in
' Scioence Teaching,-14(2): 139-143, 1977. . x
Descriptors—--*Affective Behavior' Attitudes; Changing Attitudes;
College Students; *Educational Research; JEssays; Higher Educa-
. tion; *Instruction; Science Education; *Teacher Education

Expanded abstract and analysis prepared especially for I .S.E. by
Michael Szabo, The Pennsylvania State University. -

Purpose .

-

Kauchak (1977) reports two experimental studies which address the
question of attitude development in preservice science teachers at the
elementary and secondary levels. In the first expériment, the hypothe-
818 tested was that writing an essay favorable toward a topic increases
one's attitude toward that topic. In the second experiment, the hypo-

g‘ﬁgthesis of Eoncern vas that differing amounts of reward for an essay

affect attitude toward the essay topic,

Rationale

%

The raticivile for Experiment I was based upon reseérch done in the
1950’s relating essay writing with changed attitude. The second experi=
ment was predicated on research from the middle 1960's which sugge%ts a

positive relation between reward and attitude change.

A Jd

¢

’

Research Design and Procedures

2 .
Experiment T

The design featured random assignment of Ss to cne of two treatment
conditions (essay writing vs. nonessay writing) or control. Only the
two treatment groups were posttesied on attitude toward the essay topic
(Bloom's ngénomz : onii the control group was pretested for baseline
data.
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The independent variable was an essay writing examination-technique
to increase attitude wh’lle the dependent variabIe consisted of scores on
a 20-item Likert-type instrument designed to measure attitude toward

Bloom's Taxonomy.
Judges, and reliability data were reported,

Construct validity, established through a panel of

The Ss were 112 undergraduate secondary methods students enrolled
in a methods course. MNo breakdown by sex, age, or other variable was

‘provided by ‘the author.

-

The experimental procedure involved having the treatment group write
an essay in favor of Bloom's Taxonomy as part of ‘the examination for a
self-instructional module on that topic. The nonessay group classified

and wrote ijectives using the Taxonomy.

Experiment II

The design involved randum assignment of Ss to one of four groups
(1) .contrel, (2) essay in favor of topic for four points, (3) essay in
favor of topic for two points, and‘(4) essay on disadvantages of the

topic for two points. The total point value of the test was 30, It

. was hypothesized that writing an essay would alter attitude toward the

topic in direct proportion to the amount of reward (Group 4 > Group 1 >
Group 3 > Group 2), where scores are invérsely related to attitudes.
The independent variable, amount of reward in conjunction with essay

writing, had three levels.

The dependent variable was the score on a 10-item Likert-type
i
instrument measuring attitude toward the topic, in this case inquiry

mode of teaching.' The test reliability was reported but no validity

_information was presented.

The Ss were 106 elementary undergraduate methods students.

3 .
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Findings

- -~ Ll

. ‘ Using t-tests, it was found for Experiment I that the essa§ writing
group scored lower on the attitude test (16w scores imply high attitude
and vice versa) than the control group and the nonessay group. Further-
more, the nonessay group had lower attitude scores than did the control
group. Kauchak concluded that writing an essay favorable to a topic in
a test situation increases ‘attitude toward that topic. ' ) j
» . AN

The findings, based upon pairwise gftests,'indicated that for
Experiment II the group which wrote the favorable essaf for two points
(Group 3) had a more pdsitive attitude than students in either the
control group (Group 1) or the group writing on disadvantages (Group 4)

for two pointza, No other differences were significant,

Interpretations
’ \y . ¥ i
. : - -~ . .
Kauchak concluded that writing an essay in a test situation can

change attitude in the airection of the position advocated by the essay.

\ ABSTRACTOR'S ANALYSIS

The researcher has done a craditable jobon many counts, two bf which
the reviewer will highlight. The topic of attitude devélopment is quite
tinely as it.récognizes the need te develop attitude toward science in

, citizens through™public education. In addition, the experiment 1 nature

p 4 :

7 of theu?istudies‘nermits causal inferences between the~§piependent
s

variable of essay writing and the criterion of attitude.

N, Rationale. The reviewer would like to comment on the rationale of

the studies to clarify issues for future research.

The studies do not seem to be couched in any theory or model of atti-
tude development. A theoretical base is seen as a necessary condition

for precise_hypotheses, valid treatments, and insightful interpretation.

’
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The reviewer infers that the persuasive communication model of
'attitude development (Hovland, et al., 1953; Shrigley, 1978) applies
to Kauchak's research. This model argues that, when Bresented witn
formal communication containing pertinent information (imp.ying a need

for attitude change), rational humans will aoquire dif ferent dimensions

of attitude, d;i . ‘
A3

Based on parts of this model, the treatments seem well designed.
§ased on other parts, hcwever, they seem counterproductive, Zimbardo
and Ebbesen (1969) have shown that the recipients in an intelligent
audience should not have conclusions drawn for them. Rather, attitude
change is more 1ike1y when they are al;owed to draw conclusions them-
selves. This appears consistent with the essay writing treatment
Kauchak also used a credible source (the instructor) which is more

S effective in bringing about attitude change (Cohen, 1964).

The second experiment did not conclusively support a relationship
betgeen rewards and attitude formation. Zimbardo and Ebbesen (1969)
showed that rewards causing beople to respond to a persuasive communi-

_cation may be direet or anticipated. By focusing on the points. awarded .
for essays, Kauchak ignores othet.perhaps more subtle rewards. TFor .
0 example, responding in a manner consistent with the perceived values
of the credible s. arce would be rewarded with a better score. This
- anticipated reward argument gains plausibility when one recalls that >
"the essay was worth at most four points out of 30. The reviewer contends
J that if the anticipated rewards were attended to, a more valid picture

of attitude and rewards would be revealed.

- Internal Validity.

The design could be reviewed in terms of other

features of the persuasive communication model.

tion was favorable to the topic.

Most of the instruc-
Aronson (1976) has shown that both

sldes of an argument should be presented to an intelligent community

for maximal attitude development.

An alternative hypothesis is that

attitpde scores were in general elevated due to the credible source
argument (Cohen, 1964) ard that cthe nonessay treatment may have

depressed att;tude scores (Ss in the nonessay group were told they might

Qo ) 36 -
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write an essay exam but then did not do sp). This effect might have

been estimated if the pretest-only group was also posttested. An
additional test could have been made in a(deiayedvposttest design,
8ince attitude that stems from a credible source terds to be short-
lived (Kiesler, et al., 1969).

Aronson (1976) has also shown that greater attitude change occurs

‘when’ the initial position of the source is discrepant from the recip-

ient. Initial attitudes were not assessed in the study. An alternate

- design which would have provided these data and in addition perﬁitted

a test of the pretest—-treatment interaction is the Solomon 4 Group’

.design, The sample size apparently was sufficient to permit this

design with adequate power. °
Methodologically, the study could be improved in terms of statis-
tics, instrumentation, and hypothesis clarity.

The use of.multiple t-tests does not control the family-wise level
of significance, Hence some of the tests may have been conducted at
probability levels consiéerablv larger than .05. A more desirable
procedure involves an overall F—test followed by an ‘appropriate a
posteriori test (Winer, 1962).

The validity of the ;riterion test can be questioned., The use of
the first instrument (Taxonomy) has not been replicated, a requirement.
for validity-&the test of time as it were. Judging of items does not
deal with construct validity unless the domain of observable behaviors
qf the construct (in this case, one of high inference’ is specified

(Nunnally, 1967). Kauchak provides no evidence that the domain was

identified for either of the criterion instruments. The second instru-

ment (Inquiry) has no reported validity at all. Although what these
instruments measure may be in question, the reliability of the measure-

ment seem sound.,

The hypothesized re€lationship .in Experiment 1I is inconsistent
with the rationale which predicts that anf essay writing is better




than none regarding attithde fprmation. Those who wrote an essay
. against inquiry teaching acgording.to thé rationale should have
highér attitude than the control group. Kauchak hypOGhesized the
reverse, ‘ : #
'E?terﬁ&%\yhlidity. The'generaliza£ility of the~finiings may be
limited by the reactive testing effect. That.is the attitude test
scores may have been influenced by the essay writing exercise imme—
teix_g_dgeding. This question could have been answered by the
. Solomon 4 Group design ?entioned above. -
Another note regarding the external validity of the findings is
.in order. Females seém to bewmore susceptible than males to perSua—
sive communication (Cohen, 1964). Unfprtunately,Jthe ratio of females
to males is not described, limiting the generalizability of tke }ind-
ings. This ratio is probably weighted in. favor' of females for
Experiment II and in favor of males in Experiment I.

!

»

The reviewer's major suggestion is to reanalyze Kauphak'é find-
ings and rationale in terms of recent work on attitude formation
(Shrigley, 1978). Specifically, the theory (or alternative theories)
underlying attitude formation should be studied thoroughly by future

researchers if we are able’ to make signif. cant strides in our research.
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Moore, Kenneth D. and Shirley Robards. '"Field Centered Preservice

Elementary Science and Content Reading Methods." Piper, M. and K.

D. Moore, (Eds.) Attitudes Toward Science: Investigations.

Columbus, OH: aferénce Canter, 1977.
Descriptors--*Attitudes’; dnal Research; Elementary
School Science;.*Field Exg Programs; Higher Education;
*Methods Courses; *Preservice Fducation; Science Education;
Teacher Education

-
N

Expanded Abstract and Analysis Prepared Especially for I.S.E. by Michael
" Padilla, University of Georgia.

Pyrpose

The purpose of this study was to compare the attitudes of preservice

elementary teachers wqgghad experienced campus centered methods courses

with those who had exp®rienced field centered methods courses, .

Rationale .

Numerous criticisms directed toward teacher preparation institutions and .
specifically toward methods courses have been recorded. The most common
complaints include the charge that methods courses do not deal with the
reality of children, classrooms and teaching. Little practical
experience is given in the typical program and it is,thgg\shortcoming
which can be hopefully remedied in a field centered course. By -
integrating practical school experience with relevant theoretical
material, the author hypothesized that more positive attitudes would be
developed in prospective teachers.

* -

Research Desigrn and P:rocedure

Sixty-seven junior and senior preservice elementary teachers were the
subjects in the study. Thirteen who had experienced both a campus
ceatered science methods course and a campus centersd content reading
course were the control group. Thier attitudes were surveyed following
student teaching. Fifty-four who had experienced either a science
methods or a content reading course (15 were doing both), both field
based, were designated as the experimental groups. These students'
attitudes were surveyed immediately following their course experience
but before commencement of student teaching. The Campbell and Stanley
design is as follows: 4

XIO Xl = Field based science methods or content
reading course
XCO X = Traditional campus centered science

methods course




+

LS

The attitude scale administered was the Robards Attitude Profile (RAP)
which consisted of 16 items. Each item was a statement such as "To me
the content of the course was adequate," which was followed by a
four-point scale ranging from strongly agree to strongly disagree.

Items 1-10 were related to the general attitudes toward the seience and’
content methods courses, while 11-16 related to their field experiences.

Data frow the first 10 items were analyzed using two separate one-way
analyses of variance comparing those who had had the field centered
methods to the controls and those who had had the field centered content
reading to the controls. The mean attitude ratings on Items 11-16 for
the field centered methods and reading courses were also reported.

i

Findings

For the field centered scienéE'methods course, four of the first 10
items showed significantly better attitude ratings by the®*field centered

group, while none favored the campus centered group. The four items
were:

’,
v

-- To me the content of the course was adequate

-- To me the clarity and purpose of the assignments in
~the course were reasonable,

-- Overall, the course will be useful tome as a -
beglnnlng teacher

-- The instructor encouraged students to think
independently

For the field centered conteiit reading methods group, 5 of the first 10
items indicated more positive attitudes held by the field centered
group. Nane favored the campus centered group. The five items were:

-- To me the objectives of the course were clearly
stated

-- To me the content of the course was adequate

-- Overall, the course will be useful to me as a
beginning teacher

~=- The teaching techniques used in the course were
similar to other courses I have taken at this
university

The mean attitude scores on Items 11-16 which evaluated the field
component of each course were highly positive for most items. The
stvdents felt the field work was appropriate to their program of study,
that it enkbanced their professional growth and that the field
experiences should be used in future courses. Most felt that each
course needed more structure, however.

¢ -
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Interptetations

The authors state that the results of the "study tznd to support the
conclusion that involvement in field experiences leads to more positive

¥attitudes toward methods courses." They also felt that the evidence

from their study indicates that a variety of different classroom
situations will help preserV1ce elementary teachers gain experience and
develop needed skills.

e

‘ ABSTRACTOR{S ANALYSIS

In d@ﬁe;azwtﬁbxauthors attempts to document change in attitude toward
their two courses is a lgudable one. All too often educators make
radical changes in curriculum and methodology without assessing the
outcome. We need more evaluations of course outcomes so that progress
can be made in an orderly fashion without extreme changes in both
philosophy and content of courses. . With regard to this study, more
philosophical discussion concerning the tradeoffs involved in switching
from campus to field based instruction would:have aided the reader in
establishing all of the issues involved in the change. For example,
while the authors make an eloquent statement regarding the need for
field based courses, they totally 1gnore the effect that cutting (by 40
percent) the number of campus classroom hours might have on what was
learned. Issues on both sides of the question must be addressed.

. e -
The evideace presented in this study appears to document a difference in
attitude toward two courses, favor1ng a field based strategy as’ compared
‘to,a campus based mode. Some quest1ons arise, however, when the
procedures~and evidence are looked at in'detail. One basic difficulty is
in the definition of precisely what was measured. Did the Robards
Attitude Prof11e (RAP) measure "attitudes toward preservice elementary
teachers," or "attitudes toward methods courses," or did it only
evaluate -the courses in questioh? The authors imply that attitudes
toward all methods courses are measured even though this reviewer finds °
no evidence for’ making this generalization. Would a panel of experts
agree that the RAP has validity relative to measuring attitudes? The
authors make no mention of this issue.

r

The reader is also faced with the difficulty of deciding exactly which
subjects were administered the RAQ and at which times. * The control
group subjects appear to have taken the test only once. If so, how were
they instructed to answer the- quest1ons since the instrument queries
were to be answered relative to ane course only and the control subjects
had taken both courses. Perhaps they togk the RAP twice.

Some of the exper1menta1 group were taking only one of the courses,
others took both. Yet the numbers do not add up. The authors state
that there were 54 ®xperimental subjects, yet only 49 sets of responses
are recorded for Items 1-10. Too, how were dually enrolled subjects
treated (the authors state that tlitre were 15 of these)? A more precise
description of the groups would have helped the reader in deciding
whether the groups were truly comparable. : .-
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Additionalrauestions arise when the authors interpret results that were
"not statistically significant." The statistical proceudres are
preformed in order that chance can be ruled out as a reason for
differences between grups. Speaking about differences that are not
significant is therefore speaking about differences that probably do not
exist within the data.

in the s ry and conclusion seqtion, the authors conclude that the
evidence trom ‘the study indicates that preservice teachers should be
involved in a variety of different classroom situations. This reviewer
sees no evidence that could lead to that conclusion. Certainly the
suthors may have made other observations that indicated this to be true,
but that evidence was not cited in this study. Thus, this conclusion °

A Y

" should not be stated. -

This research report does not provide many useful generalizations to its
readers. Too many unanswered questions regarding the nature of the
dependent measure, the experimental sample and the test administration
procedures cloud the results. A more precisely written report could
have clarified at least some of these important issues.

<
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.. DeBruin, Jerome. "The Effect of a Field-Based Elementary Science i
. .. Teacher Education Program on Undergraduates' Attitudes Toward Science and
Science Teaching," in Piper, M. and K. Moore, (Eds.). Attitudes
Toward Science: Investigations. Columbus, OH: SMEAC Information
Reference Center, Chio State Umiversity, 1977
Descriptors--*Attitudes; Educational Research; *Elementary 1
School Science; *Field Experience Programs; Hzgher Education; |
*Preservice Education; SC1ence Education; Teacher. Education 1

Expanded Abstract and Analysis Prepared EspeC1ally for I.S.E. By David
P. Butts, Un1vers1ty of Georgia.

Purpose

[
Many programs for the professional development. of preservice teachers
include field-based components prior to the culminating <tudent teaching
experience. These field-based ‘components vary in how early in the
preservice ptogram they are scheduled, how long a time they include and
the ‘nature of their involvement .of the preservice teacher in classroom
instructional tasks. Because these experiences permit the preservice
teachers to be directly involved in solviig real instructional problems
and in solving these:problems experience success, it was hypothesized
that their attitude toward science and towar?/jp1ence teaching ‘would be
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changed. o

Rationale

- N
Based on an assumption that when becoming introduced to a profession,
the nfture of one's experience has a substantial impact on how one feels
or what one helieves about that profession, the use of direct : ,
involvement in fiéld experience should provide for positive growth in .

how the preservice te:cher feels about science and science teaching.

Assuming that one feacs the unknown, the converse would be true. K Lack

of direct experience results in negative attitudes which themselves are

based on the unknown:.

Research Design and Procedure

A pre-post test design was used with nonrandom selection of 132 college
preservice teachers in their intact classes for three quarters. The ~

Moore Attitude Scale was administered at the beginning and at the end of

each quarter. (No documentation was given for the validity or

reliability of the instrument.) Students were involved in planning

science instruction for five weeks whicn was then followed by a

four-week in-school -implementation phase. Analysis was than made on the
pre-post differences of the attitude measure using a t-test on 17

unspecified variables. -

-
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Findings 9 . i ; -
There were wore positive attitudes toward science and science teaching
after the,field experience than before. ' In each of the three quarters
or intact classes, this change was greater in attitudes toward science
teaching than in the preservice teachers' attitudes toward science.

Interpretation )

When preservice teachers are directly involved in solving problems and
when they have success in solving these problems, the combined impact is
to help mutual trust, respect and communication to occur betweea the
preservice teacher and the experienced classroom teacher. This tirust,
respect and communication leads to positive attitudes and professional

.growth in the preservice teacher.

ABSTRACTOR'S ANALYSIS
In posing the question” about how field-baséd experience can help the
preservice teacher's a.'itude toward science and science teaching, the
author has specified a significant problem for study. Assuming that
field-based experiences are the solution to negative attitudes can be

Funwarranted. If negative attitudes persist in spite of expensive field

P

experience, the solation should be questioned. In the introduction,

hovever, the author leads us to expect 3 study in which some preservice
teachers will be- involved in solving real problems of science

instruction in'the context of the classroom and”others are to be _

involved in solving similar problems yia simulated circumstances and

still others are not involved in solving problems at all. Thus a,

comparison of those who’succeed in solving the problems will be made

with those who did not succzed in terms of the dependent variable, attitudes,
so that conclusions can be stated about the effectiveness of field-based
experience. Such a study would also lead the reader to expect to have

an operational definition of the independent variable--'"problem solving"

and documentation of how this variable was systematically present or

absent in the experiment. .
Unfortunately the design and the prncedure which is used answers a quite
different question. Is there a correlation between thé attitudes of
preservice teachers before and after a course that involves them in
"planning instruction" and "implementing the instruction in a field
setting"? The author does find that there is a change in attitude. Due
to the design of the study, that change in attitude cannot be directly

"attributed to any set of variables in the treatment. The author does

briefly mention three possible variables: '"Space utilization,"
"instructional time," and "variation in group size'and ability." The
author does allude to "17 variables" which are unspecified or defined.
Thus the conclusion that attitudes do change during a quarter is the
single outcome of this exploratory study.
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The question first raised by the author remains both significant and
unaaswered. To determine the effect field-based experience has on .
attitude will require a study to be done in which the specific dimension
or independent variables of field-based experience are defired, systema-

_tically varied in the design and comparisons then made of the dependent”

variables. As science educatdrs, our practice should reflect an
empirically documented research base. This study illustrates a
significant question and an intuitive first step. Teacher attitudes
toward science and science teaching can change--but whal can be done to
facilitate that change?
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Jaus, Harold. "An Analysis -of the Relationship of Preservice Elementary
Téachers' Attitudes Toward Teaching Science€ and Their Science
Teaching Planning Practices," in Piper, M. and K. Moore (E‘dsﬂx
Attitudes Toward Science:- Investigations. Columbus, OH: S
Information Reference Center, Ohio State University, 1977.

Descriptors--*Attitudes; Educational Research; Elementary
School Science; Preservice Education; *Process Education;
Science Education; *Science Instruction; Teacher Education

Expanded Abstract and Analysis Prepared Especially for I.S.E. by David
P. Butts, University of Georgia.

Purpose

Science as a process skill is a current widespread emphasis in the
curriculum options available for the elementary teacher. Are teachers'
plans for teachirng science influenced by their attitude toward science
as itself a process endeavor?’

-

Rationale

With the widespread availability of instructional materials emphasizing
the process dimension of science,. the ceachers' attitude toward science
is seen as a key variable in their willingness to plan process-oriented
objectives and activities for their studeats. Much documentation is
noted' that elementary school science instructional programs include
process-oriented ocutcomes. It is assumed that how these materials are
used in the classSroom is a function of the teacher. The teacher plans
the instruction and it is assumed that planning is related to “the

‘teacher attitude toward process-or1ented science.-

Research Design and Procedure

A post-test only no control group design with a nonrandomly selected
intact class of 60 preservice teachers was used in this study. After
self-paced instruction with the integrated process skills, they were
tested for personal preformance of process skills plus attitude toward
these skills. In a separate task they selected 10 objectives from a
collection of 10 science content and 10 science process objectives. A
lesson plan for each subject was evaluated for its inclusion of science
process objectives and science process activities.

Findings

Preservice teachers who scored high on the attitude scale also selected
a greater number of science process objectives, wrote more science
process objectives into their plans as well as included-more science
process skill learning activities.




.

Interpretation

Teachers with a more positive attitude toward science process skills

used them more in their planning activities for science teaching.. This
presents a hopeful omen that they will be more likely to use these

skills in their teaching. .

ABSTRACTOR'S ANALYSIS

As described in "the Educational Encounter" (Butts, 1970), there is
strong loginal evidence that what a teacher does in the classroom both
influences what students do and what they achieve. What teachers do is
also logically linked to what they know and how they feel about the
importance of using their knowledge in teaching. The author has
selected one piece of this linkage--does what preservice teachers know
and their feelings about that knowledge correlate with their plans for
science teaching? In this nonexperimental exploratory study there is
some evidence to suggest that the teacher's attitude may indeed be a
significant variable. » .

This conclusion must - be caut1ous1y/exam1ned however. While knowledge
of, plus attitude toward, science @as'a process skill may,well be inter-
act1ng to ‘produce lesson plams with science process sk1iﬁs, knowledge is
a controlled varlablet ‘Missing i$ a clear description of the context
for which the lessons were being planned. Would a teacher with a desired
mastery of integrated process skills and a positive attitude toward
them, use them in lesson plans for students for whom such skills or
activities would be inappropriaté? To what extent should the findings
be tempered by the nature of the{/dependent variable tasks? With the
absence of documentation of the yeliability and validity of their
measure, the process skills, or jthe validity documentation of the’
attitude measure, the reader must question how much weight to place on
the conclusions that are themse;ves based on uncertain measures.

! ] .
The introduction of the study leads the reader to focus on science
learning outcomes of students. | Unstated is the assumption that studeat
learning outcomes are irfluenced by student activities and these activi-
ties are influer :ed by teacher /activities which are based on appropriate
plans. To agcer ain if these plans correlate with a teacher's attitude
is the main purpose and outcomg¢ of tnis study. Relating student
performance to teacher var1ab1Es is a significant challenge of research.
This study is one of those exploratory studies that convinces us that we
need now to move ahead to more experimental studies that indeed show
that the teacher variables do jcause student growth and understanding in
science.
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Berger, C. F. . "Investigation of Teacher Behavior: Interaction with New
Curriculum Materials." Attitudes Toward Science: Investigations.
Piper, M. and K. Moore, Eds) Columbus, OH: SMEAC Information
Refereace Center, 1977.

Descr1ptors--Educationa1 Research; *Elementary School Science;
Inservice Teacher Education; *Science Curriculum Improvement
Project, Science Curriculum; Science Ed~-~tion; * Science
Curriculum Improvement Study; *Teacher b..avibr; Teacher
Education

Expanded Abstract and Analysis Prepared Especially for I.S.E. by F.
Gerald Diliashaw and James R. Okey, University of Georgia.

"Purpose ’ S

The purpose of this study was to assess the effect of training in SCIS
materials and SCIS teaching on the actual and predicted classroom
behavisr of teachers.

Rationale ~
» ¢ .

-

The advent of the'new science programs during the 1960s and 1970s saw an
increase in activity-centered programs. This change in emphasis pointed
to a shift from a teacher-oriented class to a student-oriented class.
The basis of this study is that with this shift in curriculum emphasis,
different classroom behaviors on the part of teachers are required.

The study was conducted using the concept of locus of control for
analyzing ciassroom irteractions. As defined by the researcher, locus
of control means the person or group who determines what happens next in
the classroom. Three loci for classroem decision-making were
ideautified. These are: (1), teacher-oriented--the teacher initiates what
happens next, (2) student~teacher cooperatioa--de. sions are shared by
the teacher and students, and (3) student-oriented--students decide what
happens next.

Two assumptions were made by the researcher. First, locus of control
patterns differ among different science programs and, second, change in
teacher behavior could be detected by a shift in the pattern of locus of
control.

Research Design and Procedure

. “

Six questions (referred to by the researcher as six studies) were posed
in the investigation. For each of the studies the dependen% variable
was the locus of control pattern of the teacher. The method used to
collect the data was a simulation device termed Decisions in Teaching.
The color motion picture, "Don't Tell Me, I'll Find Cut." was used as
the stimulus. At nine points during the film, the prejector was stopped
and the teachers responded with their agreement or disagreement to six
possible decisions of what could occur next in the classroom. The
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response was based on a 5-point Likert scale ranging from complete 5 Y

agreement to complete disagreement on each of the nine scenes, two were
representative of each of the three loci of control. Thyree grand totals
(one for each locus of control) were used to describe a profile of the
teachers' predicted behaviors if they were to use materials like those
in the film. The predicted patterns. of locus of control as measured by
tie Decisions in Teaching simulation device was used as the dependgrt .
measure in each of the six studies. Except where noted, a multi-variate
analysis of variance was employed and simultaneous T contrasts were used
as follow-up tests where .he multivariate F was significant. In all of
the studies in this investigation, the curriculum context was the
Science Curriculum Improvement Study (SCIS) elementary science program.

)

for o

Study One. Thirteen teachers were used to test the hypothesis that no
differences existed between the predicted behaviors and observed o ;
behaviors of teachers. Predicted behaviors refers to what the teacher

thought was most likely to occur next when viewing the film. Observed

behaviors refers to what the teacher did in the classroom when and if an .
instance similar to one of those on the film actually happened. Each of ’
the 13 teachers had taught SCIS for at least one year. The jteachers

viewed and responded to the stimulus film prior to beginnin} the school

yvear. During the next six months, two trained observers recorded

observations of the teachers at least twice a week. A Chi square test

was empioyed to test the hypothesis.

Study Two. This study was designed to assess any change in pattern of.
locus of control after two-week or four-week workshop training in SCIS
techniques. Seventy-six teachers in three different gcographical
locations responded to the Decisions in Teaching film before and after
the SCIS training workshops. A one-group pretest-posttest design
(Campbell and Stanley, 1966) was used.

Study Three. The purpose of this study was to determine if there were
differences in locus of control responses between teachers who elected
to attend SCIS workshops and those who elecied not to attend such .
workshops. Sixty-nine teathers beginning SCIS workshops were compared
to 51 teach=rs trom the same schools who were not attending SCIS
workshops. This was a comparison of nonequivalent groups prior to any
intervention or treatment. )

Study Four. One hilndred twenty teachers were involved to compafe locus
of control patterns for teachers using book-centered science and
teachers using activity-based programs.

Study Five. This study was designed to compare teachers just finishing
SCIS workshops and those having taught SCIS for one or more years to
determine if a regression in pattern of behavior occurred. The thought
of the researcher was that persons trained to use the new mat-+ials
might initially adopt their philosophy but slowly return to old ideas as
time passed.

Study Six. Eighteen SCIS trainiﬁg staff members were compared to

teachers using the SCIS program for one or more years to determine if
teachers' responses to the Decisions in Teaching instrument were
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different for those of the SCIS staff. The analysis employed a rank
ordering of each of the nine scenes in the film from most student
-oriented to least student oriented. These rankings were then compared.

Study One. Chi square test showed no %ignificant differences between
predicted behaviors and observed behaviors. Classroom observers noted
152 situations in the classrooms similar to situations seen in the film.
Of those 152 situations, 113 showed behavior match1ng predicted
behav1or. X
Study Two. A significant multivariate F was obtained. Simultaneous T2
contrasts revealed that the difference was only on the teacher-criented
score. Teachers who completed the two- and four-week workshops scored
between 4 and 13 points lower on the teacher-oriented score than prior
to the workshop. In other words, the SCIS trained teachers were less
likely to expect teacher-oriented actions in the classroom than were
teachers not in the workshops.

Study Three. No significant differences were found between teachers
electing to attend SCIS workshops and teachers electing not attend
SCIS workshops on any of the locus of control scores. The ré%a??cher
concludes that teachers volunteer1ng to attend SCIS workshops were not
more dlsposed to the SCIS philosophy than teachers who had not
-volunteered.

Stugy Four. The MANOVA results indicate a significant difference
between teachers using activity-oriented science and teachers using
book-centered science. Again‘the difference was only on the teacher-
oriented measure with teachers using activity-centered science agreeing
with fewer teacher-oriented behaviors than the teachers using book-
centered science. ‘

Study Five. No significant differences were noted between teachers just
completing SCIS workshops and those having taught SCIS for one or more
years. In other words, the philosophy of teachers toward locus of
control in the classroom was not d1fferent for newly trained and veteran
teachers. :

Study Six. Results indicate that experienced SCIS teachers and SCIS
staff members could not be differentiated on the basis of the1r rank
orderings of the nine scenes in the film.

'Interpretations

Several conclusions were reached by the researcher. (1) The Decisions
in Teaching simulation could be used to predict teacher behavior.

(2) Involvement with curricular materials that are activity-oriented
results in at least prediction of teacher behavior, if not teacher
behavior itself, that is less teacher oriented. (3) The Decisions in
Teaching 51mulat1on can differentiate between tcachers using book-
centered science and teachers using activity-centered science.
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The researcher also concludes that the evidenice supports the assumption
that "quality curricular materials. would change teacher behavior"; that
a wide variety of teaching styles may be acceptable for beginning new
programs, and that "with adequate training and/or experience, teachers
can discern the locus of control which is consistent with that of
curriculum designers."

ABSTRACTORS' ANALYSIS

The investigation appears to be a well conceived and conducted study,

AHbut the written report is somewhat confusing. Subheadings are used to
denote each of the six studies, but the .discussion sometimes shifts from

that of a particular study to one on the investigation as a whole.
Reorganization of the report or the use of additional subheadings would
aid the reader in interpretation of the study.

The model of locus of control as defined by the researcher as the
framework for analysis of classroom 1nteract1 ns seems reasonable. It
should be noted that this use of the te q§s of control is not the
same as the more commonly used one (Rofter, 1966 and Powe, 1978). The
xesearcher, operationally defines his use of the concept quite
adequately.

3 .
The use of a simulation device to predict teacher behavior is an -
interesting one. The researcher has gathered evidence to indicate that
actual behavior is associated with responses predicted in a simulation
situation. Work by Butts and Dillashaw (1980) also indicates that
actual' teaching behavior can be predicted by simulation exercises. The
description of administration of the simulation is clear. However, the
procedure by which the classroom behaviors were selected and classified
is not. We are told that 152 situations similar to those in the film
were observed and that 74 percent of these matched ¢ teachers'
predicted responses. But how were classroom events judged to be similar
to the film events and how were the teacher responses to them
categorized? Thus questions.relating to both the validity and
reliability of the classroom observation measure are unanswered.

In study two, the possibility of pretest sensitization must be
considered since. the post~training exercise is conducted only two or
four weeks later. It is not clear if all 76 teachers in the sample took
both the pretrainirg and post-training exercise. In study six the
researcher does not report a statistical test used to compare the
rankings of the SCIS staff with SCIS teachers.

We question whether the assumption that '"quality curricular materials
wou:d change teacher behavior" was actually an assumption underlying
the development of programs. The researcher concludes that his
evidence supports this assumption, but the investigation had more to do
with training in use” of curricular materials as a means of changing .
behavior. No evidence is given that use of the materials alone changed
teachers' beliefs about control patterns in the classroom.
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The conclusion that a wide variety of teaching styles may be acceptable
for beginning new curriculum programs is likewise not justified by the
evidence. It seems that a more appropriate conclusion 'would be that a
variety 6f~teaching styles may be acceptable if appropriate training is
supplied as this investigation dealt heavily with training in SCIS
materials. The res=zarcher's conclusion that with training teachers can
discern the locus of control of a curriculum program is supported by the
evidence presented. )

Aside from the conclusions themselves, d~moteworthy part of this report
is how the researcher deals with a problem accompanying use of
pre-experimental designz. Nonequivalent groups are compared in Studies
3, 4, 5 and 6 in the report. The threats to the validity of findings
from such studies are well known (Campbell and Stanley,K 1966). To-allay
concerns about such factors as selection or mortality, the researcher

needs to provide information to the reader so that a judgment can be
‘made about their seriousness. There is no intention here whatsoever

to suggest that the researcher has chosen inappropriate designs. Investi-
gators working with inservice teachers rarely have the luxury of random
assignment and the use o6f true experimental designs. Their choice then

is for the best design uuder the circumstances. Since these designs are
likely to be ones that allow alternative interpretations of findings,

the researcher néeds to deal with these possibilities. )

Study three in this ort is an example of a study done to answer a
question relating ‘to the threat. of selection bias. Study two had shown
that teachers enrolled in a SCIS workshop significantly changed their
responses about locus of control. But the researcher says that perhaps
these volunteers for training were predisposed to a change in
philosophy. If this were so, onc would need to examine teachers who did
and did not volunteer for workshops to see if they responded- differéntly
to the locus of control instrument. Study three showed that they did
not. The researcher has therefore shown that volunteer teachers are
not different from their peers with regard to locus of control
philosophy. This lessens the concern that there may have been a
selection bias in Study 2.

This study is an important contribution to the field of teacher training
in tihe area of teacher perception of behaviors appropriat~ for a given.
curriculum program. ‘ '
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"while each one of the studies could be thought of as an jindividual
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IN RESPONSE TO.THE ANALYSIS OF

Berger, C. F. "Investigation of Teacher Behavior: Interaction with
New Curriculum Materials," by F. Gerald Dillashaw and James R.
~ Okey. Investigations'in Science Education, 8(1): 49-54, 1982.

by

Carl F. Berger
The University of Michigan

\

I believe that Dillashaw and Ckey have done an excellent job of
1dent1£y1ng and abstracting the major p01nts in the study and I do not
have any comrents about their abstract oi the study. I do, however,
have seversl comments about their analysis. Not all are to debate their
interpretations; in fact, some are to clarify and to respond to the
questions they have raised. -

"The abstractors' first comment, that the discussion shifts from that of

a particular study to one of the investigation as a whole is well takea.
Th° study was part of an overall long-term investigation done when the
author was 'a member of_ the SCIS staff which attempted to answer questions
raised by the staff regardlng changes‘ in teacher behavior. So that
entity, they nevertheless fit as a coordinated whole. It is most difficult
to write the paper as if they are six independent studies when in reality
they do interlock quite heavily. Breaking the total investigation into
a series of studiec was an attempt, similar to that suggested by the’
abstractors, to utilize a subheading format..

The questions the abstractors raised as‘to the validity and reliability
of classroom observatiod“measures is well taken and is crucial. This
study could have been thought of as an interesting exercise in predicted

teacher behavior, but would have little validity if we did not observe

those predicted behaviors in actual teaching. Thus, two observers
attended every session of science teaching across grades 1-6 for 13
elementary school teachers for an entire year. This was an extensive
study as part of a follow-up study to a cooperatlve college/school
science NSF program and afforded us, the opportunity to reduce or,
eliminate change in teaching behavior when an observer may be present in
very few situations in a class. The observacion techniques were done as
follows. A checklist was made, using the itefs from the simulation and
the observers merely checked when they saw the teacher perform items in
the classroom that were on the simulation. It is hard to imagine how a
more valid device could be constructed since it included every situation
and response from the simulation measure as well as establishing
reliability by observing teachers over an entire nine-month teaching

period.

The abave remarks would have been helpful to have included in the research
design and procedure, but for the sake of space, they were left out. In
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Study 2, the possibility of pre-test sensitization was considered early !
in the study as there were some teachers who were not available for 1
pre-test but were available for post-test. Analysis indicated no |
statistical difference in post-test scores between those who had the

pretest and those who had not had the pre-test in either two- or four-week
training sessions. These results were not included in the study sirce |
there were so few teachers who had missed the pre-test administratipn. l
In Study 6, correlations were made using the order or preference of

statements on =2ach situation with the reordering of the statements by
the judges. The situations were then ranked in order from the most
student-oriented to the least student-oriented and these rankings were
then compared across groups. Rankings of eighteen staff members of SCIS
compared to the post-institute and post~institute plus extra years of
service indicated no difference in the rankings of the respomses. Tt s,
no statistical test was done since there was one~to-one correspondenc:
between the correlations of most student-oriented to least student-
oriented preferences.

The author must agree with the reviewers that the study dealt heavily
with the training and use of curricular materials as a means of charging
behavior. One c2n conclude, however, that if tvraining only were
responsible for the effect we would see a regression to the mean occurring
after the training had been completed and teachers used the materials.

In fact, teachers continued to respond similar to that of the SCIS staff
and 3id not revert back to preferences they held prior to the study. ’
This is in direct opposition to some recent studies of other training
sessions dealing with ISCS and similar science curricular projects in
which strong regression to the mean was noted after teachers left a
training situation and were faced with the reality of their own tecching
situation. One, therefore, can argue that quality cuggicular materials
can change teacher behavior, but it may be necessary €4 start with a
training session rather than just starting.with quality curricular
materials. The reviewers are qQuite right in pointing out this omission.

‘The conclusion that a wide variety of teaching styles may be acceptable

for beginning new curricular programs was based upon the observation
that no single locus control of particular response preference was given
by any one teacher for all situations. 'It appears that the responses
are very situation-specific and while teachers may tend to be imore
student-oriented using the SCIS curriculum materials and participating
in the SCIS training, specific situations are not necessarily always
answered by a student-oriented locus of control. This does not diminish
the reviewers' comments that a variety of teaching styles may be acceptable
if training is supplied with this investigation, but the research was
concerned that a seemingly student-oriented curricular program not
produce only student-oriented predictions of behavior by teachers.

The abstractors are quite correct in noting that investigators working
with inservice teachers do not have the luxury of random assignment. In
addition to the techpiques with which the reviewers have noted for
coping with the problem of’a nonexperimental design, the researcher
obtained training sessions in quite diverse geographic locations as well
as quite diverse (training styles. Using the West Coast, the Hidwest,
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the South, and the Northeast as locations for gathering data with the
concomitant differences in styles of training, the researcher hoped to
reduce problems_inherent in nonexperimental design.

As might be expected, the researcher is pleased that the reviewers have
found the study to be an important contribution to the field of teacher
training. Since this study was completed, over 2,000 teachers have
participated in the use of the device as both a researGhto6l and as a
tool for inservice teacher training. Such instruments in practical
situations can add even further to our knowledge of teacher education
training situations and new curricular materials.

i}
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Renner, J. W. "The Relationships Between Intellectual Development and

Written Responses to Science Questions." Journal of Research in

. 8cience Teaching, 16(4): 279-299,™1979. -
Descriptors-~Cognitive Measurement; Educational Assessmént°
*Educaticnal Research; *Evaluation Methods; *Learning Theories;
‘Measurement Techniques; *duestloning Techniques; Science
Education; Science Tests; Secondary Education; *Secondary
School Science' Written Language

Expanded abstract and analysis prepared especially for 1.S.E. by
M. E. Miller and M. C. Linn, University of California. '

Puipose

The research under review was conducted by John W. Renner of the
University of Oklahoma and members of the Cognitive Analysis Project
(CAP). . Its purpose was to assess the level of intellectual develop-—
ment (cqpcrete or formal operational) of a group of high school students
by examining their written responses to science quéstions. It was
hoped that by evaluating a number éf such responses, results comparable
to those produced by a standard Piagetian task-interview €ould be

obtained

Renner justifies the use of a written-response format in the stated
hypothesis of the study, namely: .

that examining the use persons make of language in explaining

phenomena would reveal their logic structures. Said_another
way: since 1anguage is based upon the use of logic, examlnlng

the use of language reveals logic.

Rationale

Within Piaget's theory of intellectual development, the attainment
of formal operations marks the emergence of fully mature logical struc-
tures, usually occur;ing sometime between 13 and 16 years of age.
Included within the stage of formal operations are a number of formal

schemes, such as combinatorial and proportional reasoning. The degree
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cto-which these schemes are present is typically ass2ssed by means of
a one-to-one interview employing a number of laboratory-type tasks

’ (bending rods, balance beam, etc.) first introduced by Inhelder and
Piaget (1958). A typical Piagetian interview takes, from 30 minutes -
to one hour to adminizter, aud is inappropriate for evaluating large
groups of subjects. A paper-and-pencil test which reliably measures
formal reasoning ability would therefbre serve an extremely useful
diagnostic function.™

In the present research, the investigator has assumed that the

use a subject makes of written language will closely parallel his
reasoning pro««sses., He further assumes that knowledge of students'

reasoning abilities will aid teachers in planning educational progtrams.

2

Research Design and Procedur:s ) N

*

Trained interviewere administe;eq féur tasks (conservation of
vglumé, control of variables, balance beam, combinations of colorless
liquids) to each of 297 tenci, eleventh 'and twelfth-grade subjects.

Each subject's performance was awarded points as follows:

LEVEL IIA - EARLY CONCRETE (1 POINT ) b
{EVEL IIB - CONCRETE " (2 POINTS)
LEVEL IIIA - EARLY FORMAL (3 POINTS)
LEVEL IIIB. - FORMAL (4 POINTS)

Individual task scores were then summed to provide an overall assess-
ment of a subject's developmental level. Cumulative scores were scaled

as follows:

(4 - 8) = CONCRETE
(9 - 11) = TRANSITIONAL
(12 - 15) = FORMAL

These are the scores which CAP attempted to predict using subjects’

written responses to science questions.

o1
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Written questioﬁs, called "incidents," were dereloped by members
of CAP. These qﬁestions required subjects to think "scientifically"
but were intended fo require A;'special scientific knowledge: The read-
ing level of each incident was controlled. Subject responses were -used
to generate an ordinal response scale for eachinciden;. Scores from
the incidents were then entered into a regression eq?ation which was

uged to predict the cumulative interview scores.

- 77 - ~In-addition, 143 of the subjects were also given the Embedded
Figures Test (EFT), a measure of the field dependence-independence .
construct, These scores were used to improve the predictivé power of

the regression equation.

Subjects were drawn from three high schools in Oklahoma. Subject-
selection procedures are not specified by the author, and cannot be

assumed to be random.

Findings

The multiple ccrrelation between therfour CAP incidents and the
cumulative Piagetian interview scores was R = 0.62 (SE=2,04), account-
ing for 36 percent of the interview-score variance. When the EFT scores
for 143 subjects were used in addition to their incident scores, the
obtained correlation was R = 0.70 (SE=1.85), accounting for 49 percent
of the variance. These same values, however, were ébtaided from an
equation which used only three of the incident scores, but wbich retained
“the EFT. Mo simple correlations were reported.

<Jnterpretations

Renner discusses two possible causes for the failure of the CAP
incidents to achieve greater predictive power. The first of these is
that the Piagetian interviews themselves are, of course, less than

completely reliable. The seconq, and more important, reason considered
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is that some element included in the interviews is missing from the
incidents. It is thg_;agkmgf_gggial,interaction, Renner feels, which
prevents the incidents from obtaining a higher multiple correlation

with the cumulative interview scores.

ABSTRACTOR'S ANALYSIS

In fhe final paragraph of this article Renner says, "When a teacher
knows the intellectual capabilities of the uembers of a class, decisions
nan be made abeut the types of concepts—-concrete, formal, or both—which
can be taught to that class." This statement suggests a relationship
between concrete and formal reasoning as measured by Piagetian tasks

"and parformance in learning sitﬁations. No conclusive cvidence for this
relationship exists.

Renner(cites no evidence whatsoever for the relationship between
performance on these tests and ability to learn in the classroom. On
the contrary, the evidence reported by Remner ;uggests that the corre-
lations between interviews and group measures of concrete and formal
thought are low. Only 36 percent of the variance in the individual .
interviews is accounted for by the group tesés. It seems irresponsible
to recommend that teachers make decisions on the basis of ihese tests
when they .ave such poor relidbility. Furthermore, even if the tests
were completely reliable, Renner gives no justification for using them

to decide upon the learning activities for individuals in a class.

~
-

A review uf the research on group-administéred measures of cogni-
tive development, with particular regard to the adequacy of written-
response evaluations, would have served a useful orienting function
and helped the reader to evaluate the present research. No such review

of the liierature is provided.

Two problems inherent in paper-and-pencil assessments of cognitive
development should be pointed out: a) the activities of the subjects
cannot be observed, and b) their responses cannot be proved. 1In the

present research, the use of written responses risks loss of validity

-
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by confusing 1;gical reasoning with writing skill, thus adding to the
difficulty of inferring formal reasoning ability. Even if language -
does reflect .reasoning, it iélnaive to suppose that adolescent subjects
express themselves equally well verbally and in writing. Written lan-
guage skills usually lag well behind verbal skills, and writing about

one's ow? thought processes necessarily provides only a dim reflection

of the reasoning of many subjects.

In addition, group tests are likelv to be less reliable than
intervisws, By probing a subject regarding his performance on a task,
the interviewer is able to axrrive at a fairly accurate dnderstanding
of thaé subject's reasoning. Odly then can he say that a subject has
attained a certain level of reasoning in a particular logical domain.

Group tests, of course, do not permit probing.

Renner hypothesizes that '"examining the use of languége reveals
logic." This is-based upon an interpretation of Piaget which he does
not adequately support. The fact that logical behavior precedes lan-
guage, which Renner cites in support of his method, does not imply
that linguistic structures directly reflect logical structures.

According to. Piaget (1977): .
- &

operatory structures constitute, even if their elaboration
ig based on verbal behavior, relatively complex systems

not included as systems in language itself (p. 120)

Several questions arise concerning the instruments employed by the
CAP staff:

1. Even though the reading level of each incident was controlled,
the language used is not specific with regard to the expected perfor-
mance. For example, in the separation of variables task (the Geranium
problem), students were told to "describe the experiments you need to
do ip order to test whether or not each of these factors is important
té the growth of geranium plants." While it is probable that most

high school students have the word "experiment” in their vocabularies,

it is much less certain that they construe it to mean a controlled,




. ‘ . .

sciéntifically valid experiment of the type the investigators intended.
1f a subject then fails to perform a series of controlled experiments
involving the several variables under investigation, it does not

follow that he 1is necessarily incapable of doing so.
I

2, . Although it 1is reported that members of CAP "evaluated the
incidents to determine if the complete solution to thé problem required
formal thought," the method by which such evaluatisns were made is not
reported. In at least one instance, there appears to be a lack of
correspondence between thé incident an’ thé ability it purports to -
measure. The Rock and Scale incideat, which was designed to assess
combinatorial reasoning, neither resembles other measures of combi-
natorial logic (Inhelder and Piaget, 1958; De Luca, 1978), nor does

it appear to require combinatorial reasoning for its soiution.

3. -‘The response scales for the CAP incidents are ordinal in
nature, but certain higher-level respcnses are neither unambiguously
better than other lower-level responses, nor are thef'necessiéated by

. the incidents themselves. For instance, level-5 responses to the Fock
and Scale préblem appear to be neither more adequate than level-4

responses nor légically required by the question.

4, Although Renner indicates that there was considerable
difficulty in copstructing the incidents, he does not report their
reliability. It is impossible to tell, therefore, to what extent the
abilities required to solve these problems are related to one another
of, conversely, to what extent each of them involves a unique ability

component.

5. The rationale for including the EFT is not reported within the
context of the original research design. It is unclear whether this
measure was an integral part of the study or if it was included only
at a later time. It is quite possible that the EFT is measuring only'

t general intellectual ability, While the predictive power of the
regression equation was improved by the inclusion of EFT scores, these

results are left unanalyzed,

6. Renner does not discuss the problems involved in developing
the Piagetian interviews. As discussed by Linn (1977), there are many
difficulties involved in translating the task descriptions from

Inhelder and Piaget into actual interviews. As it is, it is impossible
65 '
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to know exactly what was measured by the ;nterviews employed by CAP,
Interview reliability could easily have been estimated by calculating
alphas for the- four itéms, which would at least havg allowed the
reader to know whether each of the intervié@é was measuring the same
ability.

The major finding of Renner vhat the incidents were not highly
correlated-with the interviews could be explained by\a large number of
factors including unreliability of both the incidents and the inter-
views. It is clear, however, that some variance in the'interviews
is not represented in tﬁe incidents since the addition of EFT scores
to the regression equation accounts for wore varlance than was accounted

for by the incidents alone. '

E

The questions railsed concerning the relationships among the inci-
dents and interviews and EFT scores could have been answered more fully

by a.umore complete use of cogrelational analysis.

First, correlations between the incidents and the separate inter-
views would greatly aid interpretation. We are uaable to tell, for
instdnce, whether the Geranium incident (separation of variables) is
positively correlated with the severation of variables interview
(bending rods). In addition, simple correlations between each of the
items would enable the reader to determine whether the various measures
of proportional reasoning, for example, are more related to one

another than to the measures of other abilities.

Second, Renner's use of multiple regressions is arbitrary; that is,
it would be just as reasonable to use Piagetian scores to predict inci-
dent scores as to use incident scores to predict Piagetian scores. It
is especially important that the correlation matrix used to generate
the regression analysis be available to enable the reader .o understand
the relationships in the data. Also, the multiple R is increased by
the inclusion of the EFT scores, but because of the way the data are
reported it is impossible to determine the extent of the overlap between
the EFT and the various incidents. Furthermore, the regression weights

of the items in the equation differ depending on when they are entered.
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There is no discugéion of the order in which varisbles are entered into

the regression analysis.

There also appears to be some confusion concerning the appropriate
technique for establishing interrater reliabiliry. Interrater relia-
bility cannot be’ computed for the Piagetian interviews because each
Interviewer tested different subjects. Howev , if inteEviewers were
randomly assigned to subjects, it would be possible to see whether a
main effect for interviewer could be observed. This is done by using
a simple analysis of variance if a single task is employed, or a repeated
measures ANOVA for multiple tasks. Renner uses a variant of this
approach, but he reduces the sample size to 37 subjects per interviewerzz)
He misinterprets the recommendation of Pearson and Hartley (1951) in
‘ thinking that only 37 subjects per interviewer should be used. 1In
reality, Q§ing all the subjects would be the bést way to determine
whether there was a main effect for interviewer. Reducing the sample
size merely reduces the likelihood of detecting an effect if one exists.
As the probability of a main effect for interviewer was p = 0.10 using
the reduced sample, it is quite likely that using the entire sample

would have resplted in a different interpretation.

Finally, Renner uses analytic prccedures whick require Interval
scales. The justification given~-nameiy, that there is no evidence
that ti.ese are not interval-level data--is inappropriate. Also, using
summed scores for the interviews would be more appropriate if each

interview was standardized first.

Efforts to measure_logical reasoning using group‘tests need to be
guided by ewucational concerns. Renner states that teachers would like
to kpow about the intellectual development of their student;; however,
it is not clear that such information would, in fact, be heipful to
teachers. No relationships between performance on tests such as
Renmner employs and classroom performance have been established. It

_may well be that the tests employedﬂsy CAP simply measure the same
things that are measured by achievement tests or intelfigence tests.
1f this is the case, there would certainly be no justification for

subjecting students to additional tests.for which there is no apparent
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use, The tasks employed by Renner all come from the science domain;
many come from physics. The abilities they purport to measure may
or may not be measured similarly if the tasks. were ;hosen from other
disciplines or fiom naturally occurring situations. These matters
deserve careful scrutiny before we recommend that teachers use such
tests for assessment purposes or in the planning of educational pro-

grams. - "
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IN RESPONSE TO THE ANALYSIS OF
Reaner, John W. "The Relationship Between Intgllectuai Development
and Written Respunses to Science -Questions" by M. E. Miller and
M.C. Linn._ Investigations in Science Education, 8(1): 6-68, 1982,
by » \\
) ) John W. Renner -
Professor of Science Education
University of Oklahoma
] and
Larry E. Toothaker i
Professor of Psychology -
University of Oklahoma
Ip reviewing "The Relationships Between Intellectual Development and
Written Responses to Science Questions,” Miller and Linm assigred it a ~

purpose that represented the procedures used to gather data ard not the
purpose for which the research was done. The reviewers state, "Its
purpose was- to assess the level of intellectual development (concrete or
formal) of a group of high school students by exawmining their written
responses to science questions." The articlé states (p. 279), "...the
Cognitive Analysis Project’was codducted to design techniques (if possible)
which could be used to collect written information from everyone in an
entire group simultaneously which would allow judgements to be made

about the intellectual development of each individual in the group."

The reviewers make th'. project appear to be a measurement project where,
incidentally, science questions are used. In reality the purpose of the
Cognitive Analysis Project (CAP) was to design and validate techniques
which could be used to do what reviewers state was the purpose of the

CAP. The differeace in what the reviewers preceived and reality is an
important one; cne is developmental research,” the other is a_status . _ _
‘study. .

The CAP hypothesized that the use persons make of language could be used

to evaluate their ase of logic and, consequently, their level of
‘ntellectual develomment. The reviewers quoted the hypothesis of tne

CAP early in their review. A few paragraphs later, however, this statement
is found "...the irvestigator has assumed that the use a subject makes

of written language will closely parallel his reasoning processes.’

Unless the reviewers do not accept that a hypothesis cannot be false,

hypothesized relationship is difficult. No one in the CAP made such an

/seeing how they arrived at their conclusion that the CAP assumed the
/

/

f
i
/
i

f
|

assumptica. Our purpose was to design techniques to study the relation-
ships between language and logic if they existed. The degree of such
relationships was determined by the correlation coefficients found. The
CAP most certainly Aid hypothesize such a’ relationship which the reviewers
quoted. Seeing why the reviewers accused the author of the foregoing
assumption is difficult. .

The reviewer: also state, "He (the author) assumes the knowledge of
students' reasoniug abilities will aid teachers in planning educational
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programs." Two research studies have der-nstrated that concepts can be
evaluated as requiring concrete or formal operational thought (Lawson
and Renner, 1975; Cantu and Herron, 1978). Furthermore, those research
studies have stressed the importance of knowinz both the type of
reasoning required to understand a concept and the levels of reasoning
of the students. Cantu and Herron say (1978, p. 141), "...much of what
we teach in-science appears to require formal oper@tional thought..."
That statement seems to say that teachers need to know how to evaluate

.cortent as to the type of thought requir~d to understand it. - Those

authurs also state (Cantu and Herron, 1978, p. 14), "...many students
who enroll in science do fict use formal-operational thought." If a
teacher is going to teach that content which matches the intellectual
level of the students, the assumption "knowledge of student's reasoning
abilities will aid teachers in planning educational® programs" seems
warranted. The validity of the assumpticn is further supported when the
finding of both of the foregoing research studies that concrete-
operational students have little or no success with formal-operational
concepts is considered.

In the "Abstractor's Analysis" section of the Miller and Linn review,
they quote the last sentence of the article which is, "When a teacher
knows the intellectual capabilities of the members of a class, decisions
can be made about the types of concepts--concrete, formal or both--which
can be taught to that class." In view of the two research studles just
cited, that statement--it did when it was written and still doés--seems
reasonable. Miller and Linn say, "This statement suggests a
relationship between concrete and formal reasoning as measured by
Piagetian tasks and performance in learning situations. No conclusive
evidence for this relationship exists." The research studies just
cited-~Lawson and Renner, 1975, and Cantu and Herron, 1978--were
reparated chronologically between intellectual development ~nd
"performance in learning situations." In the Lawson-Renner study
interviews with Inhkelder-Piaget tasks were conducted, and Cantu and
Herron ‘used the Longeot test to measure intellectual development. The
criticism of Miller and Lirn, therefore, seems unfounded. (The

‘assnmption is madé that the reviewers were aware of the two research

studies cited here.) Miller and Linn did state that "No conclusive
evidence..." exists for the firal sentence in the article. Coulld these
reviewers be stating that they do not accept the research cited here as
"conclusive" enough for them? If so, why did the reviewers not state
that, while some evidence exists to support the article's final
statement, it is not "conclusive"?

Miller and Linn state, "Renner cites no evidence whatsoever for the
relationship between performace on these tests and ability to learn in
the classroom.”" The Lawson-Renner 1975 study was cited (p. 280). The
Cantu-Herron article was not cited. There is a chronological reason fer
the omission. The research for the CAP was done in 1976; the report was
prepared before the Cantu-Herron article appeared. ~Fhe word
"whatsoever" in the Miller-Linn statement suggests that the reviewers
missed the inclusion of the Lawson-Renner work (p. 280). In view of
what has just been said, the harsh judgment of Miller and L1nn of the
article's author hardly seems warranted.
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These reviewers did not, however, stop their condemnation of the
research with the statement just cited. The just-cited statement is
followed with, "On the contrary, the evidence reported by Renner
suggests that the correlation between interviews and group measures of
concrete and formal thought are low." Notice that the correlation
coefficients (arrived at in the CAP by using a regression ‘equation) are
ot cited at this point in the review. Depending upon the arrangement
of factors used in the regression equation, those correlation
coefficients are 0.62 and 0.70. (Those correlation coefficients had
been cited earlier in the review.) If the reviewers believe correlation
of 0.62 and 0.7C are low, perhaps they have the responsiblity to
explain what they would have found acceptable.

The indictment of the research for low correlation is followed by, "Only
36 percent of the variance in the individual interviews is accounted for
by group tests." 1In fact, 38 percent and 49 percent--depending upon the
arrangement of elements used--of the variance referred to is accounted
for by the group tests. (If, for example, the correlation had been
0.80--a large correlation--only 64 percent of the variance would have
been accounted for.) Miller and Linn neglected to peint out that one
arrangement wf elements in the regression equation raised the variance
accounted for to 49 percent.

The 36 percen. .f the variance statement led Miller and Linn to state,
"It seems irresponsible to recommend that teachers make decisions on the
basis of theése tests when they have such poor reliability." Miller and
Linn are, it must be assumed, saying that correlation coefficients of
0.62 and 0.70 between written measures of intellectual development and
the Piagetian-type interview represent "poor reliability." Perhaps that
" is a judgment a potential user of the written tasks should make. It
seems that that judgment can be made by a potential user only by
examining the hypothesis of the research and deciding if correlat1on
coefficients of 0.62 and 0.70 are sufficient for the user"s purpose. To
give future users of the tasks the data from the research and assume
they will make the judgments hardly seems "irresponsible.” (A question
could 'be raised about the reviewers nnt quoting the correlation
ceefficients at the point in the review the research was condemned and
computing the percentage of variance accounted for on the lower of the
two coefficients.)

The condemnation of the value of the research to education by Miller and
Linn does not stop with the foregoing quotations. They continue,
"Furthermore, even if the tests were completely reliable, Renner gives
no justification for using them to decide upon the learning activities
for individuals in a class.”" In order to see how the research is useful
to teachers, some analytical thinking is required. On page 280 of the
article these sentences are fourd, "Formal concepts are not understood
by those reasoning concretely." Research (Lawson and Renner, 1975)
supports the foregoing. Now in order to use those statements as
Justification for classroom use of the science tasks developed in the
research, one has to reason that, since formal concepts are not
understood by concrete learners, the teacher must understand how to
identify concrete learners and formal concepts. The science tasks
developed by the CAP (which correlate with the Piagetian interviews at
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0.62 or 0.70) help teachers identify concrete learners. While the
assumption of the article's author that such a train of analytical
thinking would take place seems to be optimistic, it hardly seems
"irresponsible."

Hiller and Linn state that "A review of the research on group-
administered measures of cognitive development--would have served a
useful orienting function...." They are no doubt correct. There are,
however, several other factors that would have been helpful to include,

" but the article ran 21 journal pages just to describe the procedures

used and give thé results. A conscious decision was made not to include
such a literature review. Since the article was published in a refereed
journal the omission of such a review apparently troubled Miller and Linn
more than it did the referees.

Several paragraphs of the review are devoted to the igherent
difficulties with paper-and-pencil assessments of intellectual
development. The reviewers point out that the reasons for the
difficulties stem from the fact that the activities of the 'subjects
cannot be observed -and their responses cannot. be probed. Miller and
Linn present their conclusions about the difficulty of written
assessments of intellectual development as if they are new comtributions
to judging the value of the results of the CAP. They make no mention
that the following statement was included in the article (p. 298), "When
assessing the presence or absence of those major intellectual structures

with any instrument that does not allow for immediate feedback and

two-way communication, the element that social transmission contributes*
to the rating the student receives is neglected. In other words, of the
two scores being corpglated (the interview score and the score on the
written tasks), one contains the element of social transmission and the
other does not." While the words "probed" and "observed" ‘were not used
in the original article, the fact that "feedback," "two-way
communication,” and social transmission" are suitable synonyms seems
ev1dent As further eV1dence that M111er and Linn seem intent on
‘sentence from the rev1ew, "...group tests are 11ke1y to be less reliable
than interviews." The published report says (p. 299), "The writer
hypothesizes that removing the element of social transmission from the
process of determining what a particular student's intellectual level is
reduces the validity of the process. If, of course, the validity of the
process is reduced, the reliablity (and the correlation) of different
assessments of the same attribute would alss be reduced."

Several statements in the Miller-Linn review raise questions regarding
whether or not they understood the basic hypothesis of the CAP.

Consider this statement, "Even if language does reflect reasoning, it is
naive to suppose that adolescent subjects express themselves equally .
well verbally and in writing." Based on many years of classroom
experience with adolescents, this writer agrees with Miiler and Linn.
But the CAP did not equate the type of language used in the interviews
with the type of language used in responding to the incidents. The
language of the interview was used to rate the students' responses on
each Piagetian task and assign a rating--IIA, IIB, IIIA and JIIB--to
those responses. The langnage of the interview was not considered
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again. What was considered was the type of language used by a
particular level of student in responding in writing to a particular
task. The fact that the students' written language lags "well behind"
oral. language is not relevant because at no time were the written and
oral lan-uage of the same students considered simultaneously. That
would have had to happen for the researchers to have been guilty of
being "naive" as Miller and Linn charge. Again, the question must be
raised about the understanding of the CaP Miller and Linn had.

The general hypothesis of the research was that "examining the use
persons make of language in explaining phenomena would reveal their
logic structures” (p. 281). Miller and Linn say, "This is based upon
an interpretation of Piaget which he (Renner) does not support." The
data leading to that hypothesis and the sources of those data are found
on pages 280 and 281 in the article. The reader will have to judg.
whether or not those data are "adequate." Those data apparently are not
adequate for Miller and Linn, but then they do not state what woulid be,
from their frame of reference, adequate. The reviewers include 2
quotation from Piaget, but no attempt is made to explain how it explains
that adequacy or inadequacy of the general hypothesis of the CAP.

In discussing the procedures used by the CAP, Miller and Linn make this
statement, "Subject-selectioi. procedures are not specified by the
author, and cannot be assumed to be random.'" Whether or not the
selection of the subjects was random is irrelevant. The CAP was not
conducted to describe the intellectual developmernit of Oklahoma secondary -
school students. If that had been the purpose of the CAP, then a random
sample (probably stratified) would have been essential. The CAP
interviewed each student with Piagetian tasks and computed his/her
score. Each student interviewed completed the written tasks, and an
analysis was made of the type of language used by students who earned a
specific score. The fact that a student with a particular score was
-from a city, a rural area or a private school was irrelevant. The CAP
was not interested in what types of schools foster what kinds of
" reasoning (that we have already dome; Renner; et. al., 1976, Chapter 6),
rather the CAP was interested in what types of written language students
- with particular Piagetian interview scores iised in responding to the
science tasks presented them. In that case, this writer contends
whether or not the sample was random is irrelevaut.

Miller and Linn raise six points about the instruments emplovyed in the
CAP. Each of those points will be commented upon and ‘each comment here
. will bear the same number used in the review.

1. Miller arnd Linn argue that the language of the questions may not
have beea understood by the students responding to the science
tasks. There is, of course, no way to support or refute the
reviewers' contention. The scales constructed for evaluating the
particular incident the reviewers center on and the relationship
between performance cn that incident and the Piagetian tasks seem
to suggest their observation is not supported. Furthermore, the
idea that the subject did not understand the language and if he/she
had, the question would have been answered correctly is a criticism
that has been leveled at the adminstration of all Piagetian tasks.
The reader must decide if the reviewers' criticism has validity.
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Miller and Linn criticize the fact that the report of the CAP did
not report how the decision was made that each incident required
formal thought. That is a legitimate criticism; the article did
not report that procedure. That procedure is too lengthy to report
here and, furthermore, this rebuttal to Miller and Linn is not the
time to introduce new data. The reviewers criticize '"The Rock and
Scale" incident which was designed to measure combinatorial logic
and to require the IIIB level of thought because it 'meither
resembles other measures of combinatorial logic..., nor does it
appear to require combinatorial reasoning for its solution."
Miller and Linn, however, do not include any explanaticn which
illustrates why or how they arrived at their conclusions.

Miller and Lian criticize the response scales, center their
attention on the scales for the '"Rock and Scale" incident, and say,
"For instance, level-5 responses to the Reck and Scale problem
appear to te neither more adequate than level-4 responses not
logically required by the question." Here, again, the reviewers
give no explanation which justifies their conclusion. Afger
considering a girea* many responses, the staff of the CAP dtsagrees
with the opinion >f Miller and Linn.

Miller and Linn criticize the article for not reporting the
reliability of the incidents. Earlier the incidents were
criticized for their "low reliability." Those two positions the
reviewers have taken do not seem mutually supportive. How could
the reviewers know the reliabilities were "low" if those
reliabilities were not reported? If the reviews are referring to
test-retest reliability of the individual incidents, they are
correct. No such reliabilities were found, nor was it the intent
of the CAP to do so. Our intent was to correlate performance on
the incidents with performance on the Piagetian interviews.

Miller and Linn level the following criticism at the report of the
CAP, "The rationale for including the EFT is not reported within
the context of the orginal research design." This writer disagrees
with that statement. If pages 294-295 of the article are
consulted, the rationale for including the EFT in the design from
the beginning of the research is indicated. Consideration of it as
a valuable tool however, was dropped in the early days of the CAP
after correlating performance on it by 412 students with
performance by the same students on the Piagetian interview and
receiving a Pearson r of 0.56. Later in the project the attention
of th# staff was returned to the EFT. The "quite possible"
suggestions the critics make may in fact be true. Their
suggestions for further amalysis of the dat. from the CAP may have
merit, but the staff of the CAP believe that such an anmalysis went
beyond what the CAP was for.

Miller and Linn criticize the report of the CAP for not discussing
"“the problems involved in developing the Piagetian interviews. As
discussed by Ling (1977) there are many difficulties involved."
The published report of the CAP was taken from the complete 164
page report of the project (Renner, Pricket and Renner, 1977), and
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that report was referenced in the section of the published article
(p. 281) where the interviewing procedures were discussed. The
dats reported included the fact that "Data on 919 interviews of
four tasks each were being conducted." The complete interviewing
protocols were not included in the published articls because of the
length of the article; they are included in the reference cited.
This writer can only assume that the reviewers consulted the full
report and knew the CAP did not intend to discuss the "difficulties
involved."

Near the end of their review of the published report of the CAP, Miller
and Linn again return tec their insistence "that the incidents were not
highly correlated with the interviews..." As was stated earlier a
correlation of 0.62 between\the interviews and the incidents exists and,
if the EFT is added, that c;} elation raises to 0.70. A potential user
of the research will have to EEcide if those correlation coefficients
are adequate f¢ ' the use he/she intends.

in the same paragraph as the sentence just quoted, Miller and Linn ~—ake
this statement, "...the addition of EFT scores to the regression
equation accounts for more variance than was accounted for by the
incidents alone." As was stated eaglier, the correlation between
perfurmance on the EFT and performance on the Piagetian interviews was
0.5¢. The highest correlation betweei\ erformance on the Piagetian
interviews and the most productive combgnation of incidents was 0.62.

So if Miller and Linn are saying that the\EFT alone is better as a
predictor of how a student will score on the interview than are the
incidents used in combination, they are incsrxect. 1f, however, they
are saying that adding the EFT performance of “a studest to that
student's performance on the incidents increaces the predictablity of
the interview score (and reduces the variance), they are correct. Again
the purpose of the CAP was to produce a written instrument that could be
used to measure intellectual development. The findings are that adding
the EFT score to the incidents score improves the writter iustrument;
the advice of the CAP to potential users is, use it!

Miller and Linn criticize the article's author for not including the
"Correlation between the incidents and the separate interviews..." That
is a just criticism. The only defense that is offered is that the
purpose of the CAP was to produs » a wordable tool and the article's
length would have been greatly increased if all such correlations and
the ‘mandatory accompanying discussion had been included.

Miller and Linn call attention to the fact that "Renner uses analytical
procedures which require interval scales." They cite this as
"inappropriate." The author's justification that there is not evidence
that suggests they are not interval scales. Perhaps that is true. But
Miller and Linn offer no alternative nor do they refute the author's
contention. The critics also say, "Also, using summed scores for the.
interviews would be more appropriate if each interview was standardized
first." The unspoken element in the Miller-Linn commeat is (this writer
believes) a thinly-disguised attack upon assigning a student one score
from a entire interview. Consider this statement. "Adding scores from
tasks such 4s these simply increases one's ability to reliably measure
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the extent to whick the underlying formal operations have developed and
how widely applicable they are if, in fact, they have developed"
(Lawson, 1977). While evaluating what Miller and Linn mean by "more
appropriate" is not possible, the foregoing quotation suggests that
producing a single score for a single individual is not inappropriate.

The inclusion of the correlation matrix of PS, EFT, S, F, G, and R would
have been helpful to the reader. However, the argument that "it is
impossible to determine the extent of the overlap between the EFT and
the various incidents" is included in the criticism of a lack of a
correlation matrix. Also, the overlap between EFT and the incidents is
unimportant since it is precisely because the EFT was entered separately
that the multiple correlation increased from 0.62 to 0.70. This
increase is not dependent upon the relationships between EFT and the
various incidents but in spite of those relationships. The unique
contribution of the EFT is given by the difference_in the squared
multiple Rs of 0.1056; that is, 10.56 percent of the variance in the PS
score can be attributed to the EFT over and above that already
contributed by the incident variables. The critics then state that '"the
regression weights of the items in the equation differ depending on when
they are entered. There is no discussion of the order in which
variables are entered into the regression analysis." For a given set of
predictor variables, the regression weights are unique. Order of entry
of variables is irrelevant. What is most likely meant by this statement
is that the weights differ as a function of how many variables and which
variables are used in the equation. Any order of entry of the incidents
for a given equation will yield the same weights. Even the exact weights
for the different equations are not important if you do not wish to
measure the importance of these four incidents--and the CAP did not.

The critics of the researcih have, in our opinion, a quesﬁionable under-
standing of the power of a statistical test. The purpose in reducing
the sample size when testing for interviewer effects was' to prevent the
extremely large total number of interviews per interviewer from
permitting the F-test to detect (as significant) trivial differences
between interviewers. Even the chosen sample size of 37 gives a power
of 0.95 (a typographical error in the article) for diff#rences of one
standard deviation. That power (0.95) is large for small differences
(one standard deviation) with N = 37. Using 155 to 253 cases would have
resulted in power in excess of 0.99 for differences as small as 0.5
standard deviation and power of nearly 0.97 for 0.25 standard
deviations. Indeed, it is quite likely that using all of the subjects
would have led .0 a different conclusion; the question is, however,
whether or not that conclusion would be correct. What the results of
the N=37 analysis are telling us is that there are not meaningful
differences in the interviewers, and, what the results of the proposed N
= ~ntire sample analysis would have told us is that there are

¥ wial or meaningless differences in the interviewers. The sample of
I as chosen by an inielligent, rational process to avoid detecting

t. ial differences in the interviewers. We wonder if the reviewers
gave as much thought to their suggestion of using all the subjects.

The conclusion of the critical review of Miller and Linn contains many
speculations which cannot be evaluated--possibly those speculations are
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true. There are two comments in that conclusion which must, however, be
commented upon. Consider this statement, "The tasks employed by Renner
all come from the science domain; many come from physics.'" Considering
- the title of the published article the fact that the tasks came from
science should have been a surprise to no cne. The writer cannot know
what the reviewer's criterion reference for '"many" is, but the fact is
that, of the four science incidents isolated as useful in measuring
intellectual development, two are from the physical science and two are
from the biological sciences. Actually only one incident is
specifically drawn from physics; one hardly seems like "many."

The second statement in tle Miller-Linn conclusion that deserves comment
is, "no relationships between performance on tests such as Renner
employs and classrvom performance have been established." That
criticism was dealt with earlie: in this rebuttal and, it is hoped, the
point has be=n made that such relationships do exist. As was pointed
out, however, some analytical thinking is necessary to understand those
relationships.
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IN RESPONSE TO THE ANALYSIS OF

Sunal, Dennis. "Analysis of Research on the Educational Uses of A
Planetarium," by G. H. Krockover. Investigations in Science
Education, 7(1): 57-59, 198l.

by

Dennis Sunal
West VirginiaUniversity

Though I agree with the abstractor that increasing the amount of
information present describing the study would have made the study more
clear, the article did describe enough of the important points to give
those readers interested in the topic useful guidelines and/or socurces
for additional research. The extended abstiact as written does not
describe the purpose or nature of the reseaich report as printed in
volume 13, number 4, 1976, of the Journal of Research in Science

Teaching.

The purpose was not to "analyze the development and use of a
model..." as the abstract claims, but to analyze previous research data
in terms of newly defined variables. As stated on page 345 in the JRST
article, the report "concerns the development and use of a model for
evaluating student outcomes involving a school-associated
planetarium...and third, analysis of planetarium research studies in
terms of the developed model." The abstract continues describing
certain aspects of the study but selectively deletes or does not follow
up areas which later are described as missing. Point by point, the
abstract misses information on which six question are later asked.

Abstract 1. What was the basis used for the selection of the model?

Response: The abstract fails to note two paragraphs on
the bottom of page 345 and oue on the top of page 346
describing the origin and basis of model selection
(cognitive, affective and process skill domains). This
problem includes not reporting a cite for model
development in a previous research study (Sunal, 1973).

3

Abstract 2. What specific procedure was used for using the model to

analyze past research studies (p..346)?

Response: On the next page (p. 347) of the article, two
paragraphs under the heading of Procedure-Analysis
describe the missing specific procedure.

Abstract 3. "Why did the author cover grades two through college
(p. 346)7

Reponse: As stated on p. 346 in the article, all
research studies dealing with planetarium education to
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date were used.  he earliest study population reseirched
to date was with second grade ana the oldest, freshman
college. As stated on p. 347, theve studies were grcuped
and analyzed on separate levels--elementary, secondary
and collegeu

Abstract 4. "What statistical analysis was used and why wasn't the
: level of significance reported™ (p. 347)?

Response: Data from the previous research studies were
secured and -eanalyzed using "identical computer
statistical analysis and signifi-ance levels of student
data as performed in the original research repocts" (p.
347). This is a problem. This information was
originally included in the manuscript sent tc JRST but
was requested to be deleted due to takiug up too much
space. However, the reader, if interested, might contact
the author or reveiw the individual studies, all cited in
the “references, for this iaformation.

Abstracc 5. "Why did the author use éubgroup data when the original
researchers used total score data‘for each student" (p.
347)7 . -

Response: The researchers did not all analyze- their data
grouped into model categories-cognitive level, affective
level and process skill ar~a. Mezay used total scores

rom achievement tests. As described in the article, the
author analyzed the questions on these tests and grouped
them into these categories by levels--thus subgroups.

Abstract 6. "Why did the author use 15 variables" (p. 347)?

Response: This was described as the purpose in using a
model to determine variables to measure. The author
chose not to analyze one outcome, such as recall, or 100
but to analyze those areas which planetarium educators
have reported as goals or objectives in using the .
planetarium (pp. 346-347). These resulted in the 15
variables.

In conclusion, the abstract as printed is confusing. Many of the
issues cited should not be a problem to the mildly careful or interested
reader. Problems may arise from the briefness of the report allowed by
the editors of JRST. This not only involved the text of the article,
but "also four tables which the editors deleted from che final draft sent
to the publishers. However, as a research report. the article's
category, this will provide only some inconvenience in requiring scme
additional library check of references for those wishing to continue
research in this line.
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